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Th# #&# o f th# M #0MPQh #»« %o %he #»pp*###lom
o f flR t mlAom# tfnota by m#o#ou# «p*#y# uiidHP o o m tn llo i 
oo iitfitioM  mn4 to éertiOop # qoom tltm tli# olrbflvna 
Tho m##hmrnlm an i 0#%### o f dust dinaooa are diaeoseed and a 
b rie f a u M ry  given o f the h ia to ry  o f oÊlleoal## The pvDdaotion 
o f duet in  mime#* ita  anmpling and the availab le eatfaoda o f 
renotal are eamtioned.
The o e iri atoniear eae ip liija d  a# i t  eae the aiaqAoet 
type o f noadle tow une under mining eomditiona. I t  wee 
develeped and oalSbaated fo r eae In  the apparatea daeoribed bdlaa# 
Methoda mere developed to a lio #  oollaetion and aeourate 
evaluation o f the aprey dropleta o f variaus liqu ida# A 
daaoription ia  given o f the apparatua uaed fo r the preparation 
e f a daat eloed o f very fin e  duet p a rtle lfa  o f appronimataly 
reprodaaible aiee d ia trib e tio n  and eonoentfetion#
The appaiatua in  eh i# i the auependid elouda mere apaeyed 
la  deaeribed# I t  ooneiated o f a ay lln d riaa l duet ohanber e f 
large voliaae in to  ehiah the duet vaa in jeeted  and diipereed#
A ThmnmX P rae ip ita ter eae b a ilt irtb  the apparetua te  
enable aamplea o f the deat to  be vithdreen free  d iffe re n t 
beighta in  the ohanber# The ooneen tra tion and aiee 
d ia trib e  tio n  o f aaah aanple eae eetleated#
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Hm f t t le H s i w m A w W # ##m  4gmm iwm # e  m e#.
I t  m e f#m # tbet the #*ey m rU M i e eeetd be eemeete# 
by em m pieieei ftnmOle by iM eh drep i t  e&ee eee&d be peedteted 
eb eey pveami% ppevtmd me reieeeet petete mve detemdeei 
emeHwHMLlyb A eeammemtp m e elm  nbtetmed bebeem 
iba em eu m piied te tbe m m i eed the eeeeey eeed ie  tke 
■tm leib im  peeeeeea
%m eemeetp e tm teetiM  m e feead te leeemee #ttb  leeeetee 
te epeey pmeeaee e#d erne em le e#d deeeeeee witb teepeeee le  
eptflee dAmeber emd with tbe dietem e fbm tbe epeey  eeeile.
the erneteaey ef etm tm ttee m e fomd te be me# leeey 
tbee emeetedp ladleetiee tbet # him  eeeyeytlee e f tbe eeee%y 
leperted te tbe epeey me eat «tAllead te  tbe etm teetlm
tbe eee e f ee te tlm e e f lev eevleee tenmm m e Ibmd 
te barn 11 ta le  efbee# m  bbe eteadeetlee eehteeed. (mly 
btbm 90 lb ./ta l me #by tepeemeeaa abteteed# Tbe tm  
mtbede e f tbeplet empltea eeplfy vA m m  ibmd te give 
pmaebMibia md empeveble veetlte I f  eeffteleea emplm  
«ave tabm#
I t  m e tteeebt tbet tbe enemy mqelmd te efffbet eaeltelm t 
eteeâeetlm  e f tbe eeletlem  e f lev eevfeee teeWm m eld be 
lem  tbm  tbet vemtved fb rm te e . tb ie m e  ee% m md i t
fle  oeadaied th a t ml lb# mmeol e f dim plel fem e Horn the emyfeo# 
leme&em ie  met Ibe eqmilIbyAnm te l me b e l eome dpmmle velee# 
poeeâbly bigber them lb #  e q o illb H n i te le # .
Obemge e f eerfb em ##11 ve m#enl oomoemltetAem wee e n lj 
fbm d le a ffb e l eim lm l&om  ml lew preveeee oviag le  Ibe e ffe e l om 
Ibe eerfbee lemetee e f tbe eHuHem . #1 blgbew preeeneee 
eemewlimliem e f «lyfbee eeUve mgeml eeeld em)y m ffbel 
eisnleellem  Ibeeegb v ie e e d ly  # r denelly Aaevweeee. *Tpeeytwg 
tee le  dewed Ib e l #w  deel dieede ( eeel deel, a llle e  deel end 
f ly  eeb ) wee# m ffeeled by eqeeene apewye end tb e l the ewewml e f  
duel Mweved #ee in  emeh oeee imeewmeed wbem
(e ) Ibe damUem e f (tweytbg «ee tmeyeeeed 
(b ) Ibe evetmee d m p le l eiee m e imeweeeed over Ibe ewmge 
irnm elleeled (39 -  M  nAueems)
(e ) Ibe rw lm tiie  ve&eoily o f lb# dm ylel# wee i m iemeed
(d ) ggggpeweme wee weed e l low epeey peeeeuewe# 
leU em iioe e f tbe eiee dlelyibwlAeme of m# duel e le u #  m der
d lffe p e e i eeediliemm led  le  tbe fbUowieg eemnlmieme t
(e ) Ibe eiee dielvibelA en of tb# doede e lley e  m ry d e e ly  
w ith d e #  mfley Ibe f iy e l 90 e l melee
(b ) Ibe ee e ll p eM ld e e  me#peyel# le  fblXow le im  pm rUelee 
(e ) Ibe leee# ecepeeelm# e e td e  e e l
(d ) wpeeylne reeevee tbe le re e r peyUolae end beeebe wp lb#  
begmeei ee
r(# ) in  w m  n  m m  mt lb# dm gmmum
« le t ffem d M  Ib m  %b# elfam  itm ld i tried #
1% eed d  eppeir tb e t tbe meet e ffe e d t#  dbeplet  eiee ie  
p m e tir d ee  fd  wAmmmfw tbe «teede apeeyed#
i  dm t enpAev m e deaa&eped eeppML# e f ed leetdeg e  
M pam em tetim  eem le adP tbe m et Ie  euepeawdeo ( eeel dpet e# 
e tlie e  fe e t ) end ie  deem Hied#
I t  ie  eepeble e f eelleeting# la  # peaeeweble ttae^ e eaapile 
e e ffb H m tty  Image te  ellear abeedodL mnelyele te  be emnrtmd eet# 
CWy lOQ eppb e f tbe te te l #edgb% e f dmet ceUeeted f gab) 
ie  fetm leed im tbe pome ^  tbe ed le e tto g  tidbbie# I t  bme 
mlee been ahem to eaegamm ttm w a M jr « itb  mmotbee bulk eeapAey 
war beiog pmdaoed eoamepeimlly#
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the mothor m eorde h ie  gm tefu l mppmelmdom te  
PmfeeaMP P#D. K itdkie end 2bp« W# Oibb fa r  th eiy  edvioe 
end meemegeeeet dkriee the ecwr ae e f the weeh end tap  
providing the neoeeeery lebosetovy t a i l i t ie e ,
ta n k a  are H e# ém te  Piofaeevr 0. Mkhmpd e f the 
Mining C kpertaei e f the Moyel OoUege e f deienoe end 
tah n o leg y, Oleeeee, CM# BU»G. Chehberieim end Bbr* stem  
o f the Metdnnel Gèel Moerd fo r hdlpfb l djeenaeion.
t a  work wee p ert o f e pneeneennluiti reeeernh 
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m otion 3 . If fe e t  e f Aqeeoee flpeeye en Deet in
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m etien  %. B ffhet e f iqoeone %enye on the 
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Bmete.
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The elm o f the reeeerdh wee to ieveetieete the eemroeelem e f  
fle e  e iiheiwe deete ty  egeemne mmwf# is d tr eentteUled ceeditleee 
end to deve&e# e q e m tite tle e  elfhevM  deet e e e fle r. The 
mdmwAm end eeeeee e f deet dieeeeee ere d&eeeeeed end e hrtm f 
memeey gtvem e f the h le tery  e f e liie e e ie . the pvodhetiee e f 
dhet in  edmee, ite  eeepMng end the e ta le t le  nethode o f mmwtel
The e e ir i eteedeay wee eeeieyed ee i t  wee # e  e ü g le e t type 
o f noedle fo r eee ender mining eenditieee. I t  wee develeped end 
oeXihiwted fo r eee in  the eppeawtee deenrihed helm #
■ethede were dewAeped to  elXav ee lle e tien  end eeaete 
eveluetien e f tho ppeey ta p le te  e f verfteee Ilq eid e# A 
deeeription le  given e f the eopnietee need fu r the pvepem tien 
e f e deet dieed e f very fin e  deet ertidLee e f eppeeednetely 
repm deeitle eiee d ie trih e tten  end eeeoen tie ttne#
The eeperetee in  whieh the eegpended diewde wevw ppr eyed 
ie  deoorihed# I t  ooneieted e f e e y iia d rle e l deet ohmher e f  
U rge vwlene in to  whieh # e  dhet wee in jeeted  end diem  reed.
A Theeeel Peeeipitete# wee h e ilt  in to  the epeeretne te  
enetle eenplee e f the deet te  he w ith deem  from d ifrm e n t heighte 
in  the eheAber. The eeneen tm tie n  end eiee d le trih e tie n  e f eeeh 
■enple wee eetieeted .
The fh ils iA eg  —m l —i# # i m e# ta # #  tarn  # #  m e».
1% # u  f e t a  th et t a  ta # r  m rlaUh # eeeld he eem eete d 
by an ta ie le n l d ta e le  by ta e h  t a p let alee eeeld he preile te d 
a t any preeeure, p m td ed  t a  rele e emt peinte wove d tte taeed  
e e p ta e e ta a iy #  A eeS n tan tap  ##e # 1 #  ohtelned hpheeen 
t a  eeeegy applied he t a  epeey  end t a  meat y need in  t a  
■ a m ta tlm  peeeeaa.
%n eanaani, n tta a e tie n  nee found he Ineaneae a d #  inereeae 
in  epaejr peeaeaa# end m m  eegle t a  deeaeaee w i#  i nenaeee in  
e p ifio e  d ta e ta  t a  n i#  t a  d le#nee ta n  t a  epany naaele.
1b# e ffla le n e y  e f e tta n a ta n  ### f e t a  te  #  a n #  lever 
# e n  mpeatedp Ind ieetinc the% e h i g» pevpartian e f t a  anaat y 
ieperted #  t a  epeey en# net e ti l i t a  in  t a  etan laellen
The eee e f eelntiene e f le #  aanlhm te ta e n  eee d a ta  
#  hee# l i t t a  e f t a t  en t a  e#adeetlen  e o h le ta . oely  
bdUn 10 l¥ . / in f  en# any iepeeneeent ohtelned. The te#  
nethode e f ta p le t  anepUee aepli yad eee# ftmnd #  gtv# 
rm # e # e iM e  end eenpaiehle reeelW  i f  a e ffia ie n t eanplee
I t  ene th e e # t # e t  t a  aenaty aemdand #  e f t a t  ege iml ant 
etonieetden e f the eelntiene o f lev  anafee# t enaien eeeld h# 
lean than th a t aenaim d Ihp  e n te r. Thia eee net ee t a  i t
la  aaoolQdad %hm% mt tha m m ot o f d—p la t fovm tlam  tba m rfhoa 
tamalom la  mot tha a g a U lM m  valm# tm t aana dpaamla val me, 
— aaâbly higher thee the egailihrim m  vmlme.
Ohmmga o f aarfhee-eetiva agent aemaeetmtlen erne am i/ 
famed te  m ffhet etoadaetlem a t law preaamra avieg ta  the a ffe a t om 
tha amrfeee tamaiaa o f the aalmtiem. At higher preeeuree 
aameamtvmtlem e f amrfhee eat&ve agent memld am )/ a ffh e t 
etomiaetiem thvmmgh v ia e e e lt/ e r dam ait/ iaereeeae. ipre/Thg 
teete thawed th a t the deet diemde ( eadl m a t, a ilie a  daet and 
f ly  aah } were affheted  by anaeama mraya and th a t tha amowat e f 
daet ran#ted «me in  aadb oeee ineraeaed ta n
(a ) the dmaatiem e f #rey#he aae i nareeeed 
(h ) the average d iep la t aiee wee inareeeed over the image 
in —atigeted {33 ^  H  miaaem)
(e ) the ra la tite  th le e ity  o f the d ie ^ e te  wag inoraaaed
(d ) g fe la l^ n a  eae meed a t low apray preaaoree. 
letA aetian o f the aiee diatribm tiem e o f the dmet olewde madar
d iffa re n t oomditiama led  to the fbU nrlng  eomalmaioaa i
(a ) the aiee d letrihm tian o f the diomda eltmrw very adaaAy 
w ith time a fte r the f lr e t  90 ntwntea 
(h ) the m aill p a rtid le e  aggregate to  fbllow  le ig e  p a riie le e
(e ) the large eggregatee eet the omt
(d ) apvaying ramp tea the la rg e r p a rti alee end hrmeka ep the
(e ) mnpmmm %o —  bdiw # f t a  ta g —
# lm  ta o ta n  ta n  t a  o ta p  liq n id g  tr ie d .
X t mnOd mppgnr t a t  t a  noet e ffe o tlte  ta p le t  #lee te  
gr eate r than #6 «laronsfbr t a  ta e d e  apeefwd#
A daat e n tie r  ene daea&aped aapehla e f ea ileetlng  a 
le g e e w ta tte i e a ta #  o f t a  daet in  anapenaden ( eaal deet e r 
e llio a  daet ) and te  daaarthad.
I t  le  oepaUe e f eelleettng# #  a ra a e o ta le  tdne, a a n # le  
e a ffla ta a tl/ lanra te  a llo e  ahanAaal aaalrat# te  be oarried e e t. 
Only XGO ann. e f t a  to ta l eetgbt e f daet eolleated (ej^ f  gaa ) 
te  retained in  t a  poree e f t a  ea lleetin g  th la h le . Xt bae 
aie# been abenn to aoaoaie fb m n n b iy  e t #  mnotber balk aanplar 
w e b ta g  proAieed eom aeein lly.
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l*rU o le p  on t te ir  im p m o tia in $h# molm% «m il#
of th# r##p$##to%% tab## «hloh v iU  b# aov# th#
Im ff# r th# p a rti# !# . LiodLag #&# tnch## and #% #mdlng dcra 
to tb# le ra r and# o f th# hmmnehl#!## mv# mgrrlmd# o f o é ll#  w ith  
a h ifllh #  app#ndmg##9 omllod dH ia^ w hith many apvmvd# any 
IbfwigB hodla# th at ohmne# t#  t###h th# w#t Mmoo#wbath#d 
lin ia g #  o f th# ####!##t##y ########. Th# opoord ■owwMnt o f 
th# «#### 1# ■BlntalMMlt hy tho lo A in g  o f th# oü im , a i th# 
m t# o f thm e o r four montiaotr## a a lla it#  la  th# tma%#a#
R#a#y «aporiwantal laJ#etioaa o f demi la  animal# ar# aloam d ia  
a # # tt# r o f hoar## hoot o f th# iahalod dnot dapoolt# on 
th# maooa# 11#!##; and aal### th# parüdL## arm oolabl# o r 
ham h o ^ n io a l motion thmy mr# oaarotod w lthoat dblng any ham#
I f  th# motloa o f th# e U la  1# la  may way li#iaimd th# do## 
lang may h# mmpoaad to iafootlom #
I f  p a rtia l# #  aaooood la  paaaias thaaa b arria r#  and 
panotm tlag th# ta rmlnal a ir  maoa# o f th# lamga th#y arm lagaatad 
by waadarlh# ooamngar ##U# o r #ha#oqyt##^ w hldi aam# from 
th# p a rtitio n #  botoaan Hi# a ir  apaaaa* Th### c a ll#  mom 
ladapamdontly and tamd to can y  th# foroiga bodi## oat 
o f th# a ir  apaaa# la to  a ap—la l dmimag# ayatam kmowa 
a# th# lypphatloa# th# poat aatlm  morhantmaa 
mantionad ar# normally adoqamt# bat ar# anabl# to  eap#
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Hm  «»#t dwgmm## é M i lam#%
qmlcKLy, mndg m# m nU latloB  la  naoaaamry# i t  m M y  
ram ln# ■latom a and am O aUla fb r îah a ls tio #  fb r  a 
oonsUhralûLe tfaa# tbo m ftp a itj mt a ir  blaag working 
Ibaaa la  o f tha ordar o f 100 ft./b im . and m w im  g raa tly  
along tha roaômya# Xt la  fboadp hcw nar, th a t the 
a iito e m  aooam tm tioa o f S a ia ra i daet onhr # o re  ahout 
S par oant ia  fOO yde o f roadbar# â psopurtlon m tJ^S 
■larDB daat la  thawdbre aomethoea Iboad la  the a iA t a ir  
W aft# The haiw lbl duet «m aentration dmee daargaae w ith  
dieteeee frwa the wortdb# fboa and by the tim e the eoal ha# 
raaahed the prapam tion p lant I t  ie  m ry law#
^ fillin g  and «h o tfirin g  w e lly  pwndtaeo fin e r dhet* 
w ith  a h l# MNP a ilie a  oeotent» than aatting# aanmying and 
loe#ng# a#et eonegntratdona m ay a  g reat  deal# A t a 
eoel fbee the coneawtawtdan and enapoeitSan e f the daat 
ohtaimed %ery em ay few fb et o f admnoe# Ooneentration# 
ehtminad a t the working fhoe way be anything frm  ItS to  
ahewt SgOOO p a rttd e e  per oo. o f 0# f ## 5 wdewotm d e e  but 
more often the fig u re  la  in  tha ragiona o f boo p e rtia le a  per 
oe# Tbe M Kioaal Goal taard^ aa the ra a a lt o f naaearamnta 
oarried owt em r long parieda, ham aacre#ted awltahl# 
lim itin g  drni oonaantmt&one# Them are fo r eoal daat
6 .
(a n tk n e lte  only) 6$0 p artio lee  par <m% of #i#a 1 -  g 
mloroma ; a ll  other ooal doata 8$0 p artia la a  par oo. 
of fliaa 1 •  $ mloroaa |  mad rook daota kSO partioXoa 
par oa. o f alaa O.S •» S aleraaa.
Aa appraeiablo crn trlb a tlo a  to atmoapharia duat 
oeoNia from the dlatarkaooa of looaa aarfaoad faavlaga 
and tra v a il lag roada. %mo o f tha o aallar daat may ha 
oairiad  éaom aa aggregate#. I f  uaaonaolldatad th ie  might 
ka dietaitmd^ alaag w ith  other looaa daat, and heooma 
airhom a amoa more. Nigh œmoaatmtione o f fin e  daet are 
lia b le  ta be emploaiea. I t  ie  tharafbra adeiadhle ta  
ooneolidata each daat. th ie  baa bean dona enaoaaafhlly 
w ith ealeiem ahlorida m le tio n  and h e been foond to be 
affb a tive  fo r aboet 6 montha (#6 ,27 ,2 8 ).
Daat amnpllne
tb aetim ata tha haelth haaard o f an alrbom a daat, 
a repraaantatiee aanple o f i t  haa to ba takam. th ia  
raqniraa a eel table a ip lln g  inetramant to axtm ot tha 
daet p artie le a  from tho atmoaphara and aomoentiete than 
in  eeeh a way aa ta allow  edbaaqaent maaaurement e f tha 
maaher and aina e f tha p n rtie le a , or o f tha wei^^it o f 
ooUaetad daat. An im portant point in  the aealentiom  
o f health ria k  ia  th a t the oalleotad daat p ertio laa  ahonld 
be emaatly aa Wiay ware in  eappaoeion. A m ilab le  aampling 
iaetenmante may ba a la a e ifie d  aooerding to the phyaieal 
baaia o f operation aa fbllowa #
■ ft
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Om  Ittâ rtrw n i e U lia la i th# filts o tio n  p rln a iid # i#  the 
P.R.D. Uaed P a# (2 9 ), which am ble# m  e s tlm t#  # f th# 
daat ooneaetm tloa to b# md# by coamHaoa o f th# da#t 
atelma ohtalM d on pt#o«*a o f f i l t e r  paper.
aa ieael  duet aaeplera aepley th# p rim lp l#  o f 
i# le g a e a iit. In a tn a m t#  o f th ie  type are i 
[#) Rctee Ira im te r  (JO) 
b) Oeee# Je t Chat Goaatar (31) 
a) Baeedb amd Lamb Oaamtar 
d) Oaaaada In  motor ()2 )
[#) etamdard (3J) and iH % et Xepiegar (Jh)
Im thaaa teatem anta daat Imdan a ir  drawn by aaetian  
la  allewed ta  i# im c e  a t blab m loeltgr paapamdiealailjr 
agalmat a o ellao tlae  aurfboe. The auddan dbomga o f 
direeticm  o f th# a ir-d l# # , rnnhhtMd w ith  tha in e rtia  o f 
the p arH o lea, reao lta  in  tha aapam tien o f th# duet from 
the a ir  am the oolleetdLag ■ «fb ee . Baweter ,  thaaa inatrnmaota 
ar# frand t#  bam low oalleotim a afflo iano iea fb r o a rtld e a  
1#M  than 2 miaronsin d laeatar. Thagr alaa tamd to  break mp 
la rg a r o a rtle le a  o r agaregataa, e ith e r im the je t  e r on the 
p la te , pradaeimg p a rtl^ e a  am lla r  them thoea preaamt im tha 
o rig in a l duat oloud. The aaagile ta ham m a t met ba too la rg e , 
o r tha eelleoted  p artib le a  w ill omaAap, ao th at i t  la
11.
%D ##e### th a  «lorDaoDpiomlly. Thena im tra M ta  
tharafoffw do not g lm  m tru ly  rapraaentm tim  a a # !# .
KLaatioatatio preolpitmtion haa baaa oaad to oollaat 
Mall aaaplea of daat; bat It haa not pat baan nodlfiad fo r 
aa# la  aaal pita.
Oman and iataon (3 $ ), la  1911, a tilla a d  the pH naip la  
o f th# daat -  ft# #  araa ahlbh la  found around a hot rod 
to pa#Vida a a ita t l#  dhat aaapllng Inatrunant. Thia 
inat w ant  ca lled  th# Tharael fra d p ita te r  give# a cttxeat 
dapealtdLen o f duat p artie la a  Ùrm tha aaplrated a ir  on 
to a glaaa eovar b lip  ubioh can then be mounted on a 
niaaoaeope a lid a  and aaaninad. Qoaaiariaoa o f th# eoUeotion  
e ffle ia n c y  o f the Inatrunant w ith  raaid ta obtained 
uaing th# ahaolttta aedlnantatian o a ll Ë w  th at w ith in  
th# lla d ta  o f e#arim ental e rro r and o f ep tlo a l adoroaoapy 
th# effla io n ay im o f th# ordar o f 99 par aant w ith  p a rtia le  
dlanatera o f lea# than S nlaroHI* The inatrunant ia  lea#  
ra lia h l#  «haa the daat p artla le a  era gr aa tar  than 10 niorom» 
Owing to ite  high e ffio ian ay  in  the ragion o f grante at  
inportanoe, hcarevar, i t  ia  near need ia  p rafb ranoe to tha iaplngar 
type o f a wcwttaa to em luate duat Mnplea fo r routine 
anblyala and rwaam r ah work.
12.
The mlimlmmtloD o f d u ii omn be eeoompll#bed in  
Wo eey# i
(m) By the prevention o f deet fo m td o n  e% the
(b ) By We eubeeqoent reeeoel o f We eixtoyne deei. 
Id e e lly , i f  the piedhotion o f duet le  In e v lte b le , i t  
W eeld be eonpreaoed e t We sxrayoe. Onoe i t  beoonee 
eirbcNm  and ie  d ilu ted  v ith  dlemn o ir  i t  beoomee more 
d lf f lo iilt  to reneve#
Bbter bee been need tor duet euppreeelon in  mioee 
( %  37) end ie  genew lly epplied in  We form o f e 
■prey. Tbie property o f «« te r «me imaDgmioed by 
Tbomee Beneem o f Beeemetle^imdmMLyme, «bo# in  1726# 
obteiaed petente for the wet grinding o f f l in t .
Too typee o f eprey here been need in  mine duet 
enppreeeion# the e e irl etoodeer type end We eo^Bbeeed» 
eir-opevmted eprey. âooordlng to the lite re tn re #  w hile 
i t  ie  « d ll eetebHehed th e t w etting the ooel o r roeh 
before end W ring Getting gxwetly reduoee the duet 
■nbaeqnently diepereed to the etmoiphere (38#39)# We 
evidenoe regerdtng rmeonml o f eirbom e duet by ppveying 
end other meene le  met no eonolnelwe.
13#
Ooegmlrntion o f m a il p ertlo lo a by moDuetie v ib m tlo M  
1# poMdlblo# bat bm# mot yet been applied in  mleee (b o ), 
neetm eetetlo  preoipltmtiom# elthoogh effeotive# o en lee  
empy d lfflo e ltie e  which l#ve to be overoome before i t  
oodXd be meed me e meene o f enppymeeieme in  mine#* 
ajpveyn e t tveaefer end leading pointe redooe the 
groee p o lln tie n  e f  the etmoephere# bet the beet e ffe o t 
ie  ehteimed when the tm ne fe r point# where ooel drope 
fta e  one oonveyor b e lt to  another# ie  earm nded by e 
eer een which imdnoee dmmghte end oenfinee the eprey.
Xh exowtdooel eirnwmetenoae# where whISnited 
meter oen be need# e eyetem o f eprmyi ng in to  e W ot 
ugamter -eerre nt  te  emhenet e lr  oexwying dhet from m 
loading po in t bee been need. %Ae increeeee the vo leo ity  
o f lepeet end oomeeqyent eappreeelon. d eter oen be 
eo lleeted  end ree ire e le te d .
the mein method# o f ew preeeion a t the ^oeree 
which have been trie d  ere w ater imfneion# wet aatting  
w ith  end withowt a w etting agent# the nee o f foem ehd 
W y d rillin g  w ith  a ir  flo a h . deter need to qadU deet 
m e t be delivered to the eattlng  edb# th%eo#h holee in  
the e n tie r, ie  fgwrnd, beaever# thet high lo c a l 
temperatnree developod a t the enttlng edge vepenrlee meet
!l•// i
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w ith  a ll  W et n artio lae  e f 20 ■lovov and over which l ie  Im 
th e ir path# If#  however# the W et p a rtie le e  are 5 wlerDas. 
eely 30 per oent o f Wove ia  the oaW o f the éropleta  
are eo lleeted  and oerried  to the grownd# the other 70 per 
oemt h elp i eidewmye by the a ir  movement eat op
hy the fa llin g  Wop#
In  order to  iaprove the knoekdcem o f email partldLeo 
lew earfaee tamalom eolwtiena o f w ettiag agents have been 
weed (liS# b6# h?)# R e d ite  thow#  ^ Wowing a a lig h t 
iapruvmeemt  on momal w ater eeppreeeiome are mot ie^reew ive.
Pxlee (US) earloyed a fbem develeped fo r f ir e  fig h tin g  
to  reW ee the emomat  o f w ater weed# XW reeeive le e id te  
were elaSjaed} bat in  p ita# where mere etringent ooadltloao 
emiatp the reee lte  obtained were imoomdweive.
16.
the objecte o f the f lv i ir w i e f Be#emrgh
Although mueh W et in  p i te  een be eeppreeeed a t the 
eouroe# me peeoeee ie  a# yet 100 per oent e ffe e tiv e  and 
eome# emheppily the p o te n tia lly  Wngeroua eiee-freotlon#  
ten ia  to eeeape, beeening an airborne haaard to h ea lth .
huoh work hae been done by the hoonouthdhire and 
•outh Valee Goal Ovnere* Aaeoeiation# Goal Duet Beeeerch 
Omaaittee (h9)# the O.S. Departnnut e f the In te rio r  
Bureau o f Minee (*)# 5 l)#  and other# dm the euppreeelon 
o f duet a t the eoaree by epeny# and the ooneoIlW tioa o f 
reaW ay duete (26#S7#B8)# but veyy l i t t l e  work hae been 
dome on euppreeelon e f the duet onee i t  ie  airborne 
(i#e# the fre e tlo n  m ainly b e la t 5 Wamond by eqaeeae eprey# 
amdar eontrolled laborateey eondltieaa.
‘^eoBaee o f th ie  leek o f inform ation i t  mae Wel ded 
to im v#eti#at# the euppreeei om e f fin e  airborne W ete by 
aqaeoae eprey# under eontenlled eondltione. %t mae 
re a li eed th a t before a eprey noadle ooald be need e ffe o tiv e ly  
to e%tppree# an airborne W et a eyetemetie etudy o f a  
typ ioal moehle ( i .e .  ite  d b illty  to atonie# w ater 
end aoeeeae ehlutiona } mae neoeeeary. the e e ir l 
atomieer mae eeleoted fo r etndf s# being the e ie i^ eet 
type o f noaale fo r uee under miniag oondltieae.
17.
I t  WM then hoped to emtend the etedf to the 
etemieetAon ehteimed eeimg equeoue eolutiime of eurfhoe- 
ootAve egente with thie type e f noaale. In  the peet 
the effect of eiurfhoe» eotive egente on eprey operation 
hae been etadled# hat in  general Hie egente need were 
eo#n)l en ooepeande. I t  wae tbonghtthat a better eetiaate 
of the affeet e f oo^poeition would be ebtaiaeil by aeing 
eligae eoepeunde each ae eoape and aleohole.
«hen the oheraoterietiee e f the noaAee had been 
deteenined with water and aqaeoae eolutlene of e«rfaoe*aetlve 
agente i t  wae propoeed to etady the effeot of anplied 
preeeure# Woplet eiee# eprey welooity# and th%wa#pat 
en avppreeelon. By eoivdlating the reeelte i t  wae hoped 
to ebtaim an optinan valve ef droplet elae affective  
ageinet a lenge ef partia le eiaee. Hie reehlte cMeimed 
night aleo enable an ^rder of reaotioa* to be detendned 
fo r the eeppreeeien prooeee.
i l  though eeverel  quantitative airborne duet eeeplere 
eniet none odleete reaeonable large eeeplee quleULy 
and aaoamtely. I t  wae decided that i t  weald be of 
valve to deoign a duet eeegiler whioh wae portable# 
oapable of wee underground and of oolleoting a eee^e 
large enough fo r cheedoal anMlyeie. On enemdLnation of
i'3iw»d» m  m # ù01êé%im w*» ilmts #
*pÿ$m tiw  ÎKtssd cR ,# .* A xM L# fiJ'S w  
tjs îsoilà iraiIftMti
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manoM i  
of tb# W lr l liwalwm
Hie elm of mtomlemt&om in  duet eo pfeoeion ie  to divide 
e oontlnuoue je t of liq id d  into m epiey o f droplete im order 
to inereeee greetSLj the volme eeept by the liq u id , 
i  toed eetion ney be eatdeved by merely forcing the liq u id  
under high pr eeeere through m enell o rifloe into the 
mtnoephere. Woh e device ie  eelled m plain atondeer and 
the angle eabtended by the eprey oene ie  quite email beeeuee 
l i t t le  tengentihl velooity ie  leperted te the liq u id . Oene 
dheped eprey# of wide angle are ehly prodheed i f  the liq u id  
ie  given a emAed tamgentiel motion within the noaele. 
Tengentiel motion ney he obtained by forcing the liq u id  along 
a epirel path w ithin the moedle. Harvey end HesmendbrfMr 
(52 )i im a nathanetiaal anelywie of the flow of liq u id  in  each 
moaodee# ooneladed that the tangent o f h alf the eprey oone 
angle wae appromimetely equal to the ratio  of the tangential 
velocity to the vertical veloeitqr meaeured a t the o rifie e .
Hm  mecbamlem e f atoedeation hae been etadied by many 
wor bar# in  m  attea#t to derive a iw latloiiHiip betmwwn aj^ ray 
perfofweaoe and the m rlabloe of am injection eyetem. tpeay 
performaaee may be ooneidered in tame of •
(a ) the thrcugbpat#
(b) the oone angle of the apvay#
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(3) the ever me# droplet elme,
(L) the droplet olee (Hetrlbutlon# end 
(5) the energy requlrmente.
Rayleigh (53) ea&mltted one of the f ire t  theoriee of 
liq u id -je t dierqption im a aathematieel analyeie of the 
e ta b ility  of a non-vieeoue je t and hie oonolueione have been 
much meed in  la te r theoriee (5L#55#56). «eber extended 
Raylelah*e analyeie te the breakq  ^ of vieeooa liquide under 
fb roee of eurfaoe teneion and a ir  reeietamoe,while Gaetlenan 
in  applying the eame analyeie to high v tleo ity  dieturbanoee 
pointed eut the s in ila rity  between pnemat&o or a ir  etrean 
atoedeation and preeeure injection# Oaetleenn f ur ther 
poetulated the fo m tlo n  of ligenente a t the liquid-gae 
interfuee whioh under the effaet e f eurfaoe teneton oollapee 
into #op lete. heh1tg<57) and flotaeeitaer (50,59) etreeeed 
the inpor tanee e f turbulent flow in  the atonieer ae an aid to
i
the atonleation prooeee. The turtnlemee wae eaid by Mehlig 
to pioduee a radiel oeiqienent  of flu id  velooity whioh onehled 
the dleintegreting je t to overoewe the foreee of eurfaee 
teneion. Thienann(60) attributed the dieintegimtion to the 
ittflueooe of the re lative veloeity bebreen the outeide e f the 
liq u id  layer and the a ir  ite a lf whereae Oeohmte (61) bdlieved 
the fin a l atonleation o f the je t to be dependent nainly on the
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mtmogphcrlc reeletmnoe.
The dianqitlfln e f liqu id  je t#  he# been studied by meene I
of high speed obotogmphy. Hie reeelte obtained by Rolfelénr 
{6f) end Heenlein (5ti) vero eonfiimed theoretically by «ébert* [ 
oaledlatiene for the in it ie l etegee e f je t break up. Lee h ,
and spemoer (63) obeened th at ligam ent (bruetion ie  oontroUed' \; {' i 'by the re la tive  vdloeity between a ir  and liq u id . Obneeorge
I '(6b) found je t e te b ility  to be a function of Reynold# mmiier.
\
Hire# o r four etegee o f je t  d ie in tegretlea have been obeened.
Htc la  et etage of atcmleetioa ie  e f greet# wt intereet beoeuee I 
i t  oorreeponde to the actual condition# of opray faxmation 
exieting in  injection eywteme. I t  ie  not known whether 
ligemente are foneed a t th ie etage ae deecribed by Oastleman 
($5) and ae obeened by Sohewtodl  (65), Mdjema and 
Ibaaeeea (66) and Lee (67).
Hie action e f the liq a id  vieeoeity and eurfaee teneion 
ahould theoretically have an effect on the dieintegretion e f 
the liq u id  je t. Haehn (60) in  teete with je t injeetore 
fbund that a t high liq u id  velod tiee, oorreeponding to high 
preeeuree feir preeeure noaelee, dieplet alee wae controlled by 
eurfaee teneion and in ertia  fbreee whereae a t low vdocitiee  
vieeoeity wee found to be the controlling liq u id  property . 
k iHmeniionel rdationehip wae poetulated by atfaidbeil (65)
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la  which droplet eiee veried invarady with wlooocltgr.
Ihvld (69) end Roughton (70) contended thet en inereeee in  
vieooeitr reeelte in  e lexgep dkwplet eiee. Ri$^ vieeoeity 
deoreeeee the rete of breaking up of dletortlcme effhe 
droplete fbywed In it ia lly  and inereaeee the fin a l droplet 
eiee. Aeoordinc to Hinee (71) in  the in it ie l etegee of the 
deveüepenmt of aarfhoe dietortiane lute ligemente end of the 
d eftM itiea  of Hie droplete, the anrfhee tension eppeeee the 
piweee bet eeaiete in the Anal etegee o f dieveption. 
aiaoe, haeever, the development of the in it ia l etegee e f 
fonmtiaa of the dSetortiene ie  iaportant fo r atenieetion 
to pewoeed,  an Inereeee In  the ecnrfhee tension w ill oanee 
a deteederation in  atcadeetion. Klneener (72) and Mttayw(73) 
aleo etreeeed the ixportenee of anrfhee teneion in  the atoedeation 
meeheniee.
theh wort hae been done In  thie f  ib id  bet many of the 
reehlta ebtained are «owsirhat oonflleting. Ae a reehlt ne 
one hae yet been able to give an aoeeiwte renmla wherh^  
i t  la  poeeible to predlot the expeeted perfbxwaaoa of an 
atomieer of given ünenelone. «elHMr le  i t  poeeible to 
predetermine the enaet effect of the vieeoeity and awrfaee 
teneion of Hie Iqinide weed. Siaoe i t  wae neoeeeary te 
obtain an eetlnate of the perfemenoe of the epray noetlee
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meed In  thie work before eveluetine th e ir euppremelen effbot 
on elxbome daete the work te be doeerlbed now wee oerried out.
Liquid Preeeure Spimy Quite»
The neeelee need far the liq u id  preeeure «prey unit 
(F ig . f . )  were eSniler te Hioee need in  dbneetio ewirl 
etonieere fb r epxnylng ineeetioidee end they eoneieted of 
two perte, one eoreving into the other, «etnr wne foroed 
between Hie two pnrte along a hdlioel grrove out in the inner 
part, end out thiou^ the o rifloe d rilled  Id  the outer pert.
In  order to detemine the effeot of e rifle e  dieneter, 
orifioee e f d ifferent dianetere were d rilled  in  eight noaelee 
ae dhown In  TUble t .  The mm  hdLieel groove whieh wae 
indl Ined a t about 70 to the axie of the plug wne need in  a ll 
noaelee.
The preeeure range inveetigetad wag up to 500 Ib ./ln ^ .
For greater aoeuraoy below 00 Ib ./la ^ . a hand-operated 
eoiinereiel plunger-tgne peep fitte d  to a preeeure weeeel wae 
weed. Ae ahewn ia  Fig. 3 . output paeoed by neena of preeeure 
rbbber tubing te the #m y  neeale via a needle valve u h i#  
eontewlled the «prey. The preeeere tdbing wae eewaeeted by 
a T -  pleee te an aoeuxately oalibented preeeere gauge. 
Preeeure wae aeintalned by eeeeelonel manipule tlon o f the 
plunger. Thie eoaemrqlel preeeure veeeel had not been
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d#migm#ë fo r pr#m#mr#m grmmimr  %hmm 80 Ib ./lm  .
Mgh#r pr###w##$ 1.0. mbov# 80 wsrt obtmimeë
by M 0&8 0f  0o n if0Bi0< 0 i r  applied lo a Ihiak walla d eyHmdmr 
oontainlng %be liq a id  to be atomleed. For pvuppoaee of oenvenioi 
and eaey aoeeee the reeertelr oyiiadHr wae aade in  two 
flameed parte ae ahcem In  Fig. t .  To preieat eoateainatioa 
of Ihe liq a id  the weeeal wae fitte d  with a glaee lin ing  
and the liq a id  te be atoadeed paeeed dirowgb a glaee take te 
a needle te l we in  the tap e f the weeeel# H I ertem el 
preeeere linee ware o f oeppr tdbing. The qpeay preeeere 
wae indieated by a ireeeare #pwge aeeeeate te ^  1 lb . / in \  
oomeeted to the reeer wei r  oyUnder. 
iM pling of Airborne ebter Droplete.
In  a etady e f the e ffie ien p y e f ateaieetlon  in  w ater je te  
worn method o f eelleobiag and eieing #%e w ater drop'b te  
piwdaoed nmet be eepleyed. Many d iffe re n t methode bate been 
eaeoeeafblly tr ie d  fb r the meenuraaent e f dboplei e iee . They 
oan be diaided in to  three main grawpe
(a ) D ireet Methode.
(b ) Xndlraot Methode.
(o ) The Method o f ^ebetitnte L iqaide.
Xhdireot methode cam be divided in to  the fbllow lng growpei*
(a) Pbotofiaphin
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(b) Pbptiwwtrio 
(o) E lM irte
(d) KlneUa 
( • )  ThewX
Xn tbeee indlvwot aitboda of aime eetlmmtion no
le  me dm to m##eee# tb# indlwidiBl droplet# end needU lj 
only e meen dieneter een be determined. Tbeee neen 
dienetere ere beeed on m fbr neeeur enente nede on the bblk 
of the eprey. Ae the epveyn to be need were very heterofioeone 
eone eotim ie of the droplet eiee dletribntloa wee reqnired 
end three methode were therefcre nmenl table.
the method of enhetltnte liqnlde offere ele^lfloet&on  
of tb# eoemting tebhnlqee but ite  uee depend# on whether 
the eieee o f the <hoplete piodeoed by the ebbetitnte 
liq u id  ere the eeme ee three in the real epray. The fdiyeleal 
prepertlee of the vubetituto Uqnid need would hew# to be 
e leee to three of the metnal liq u id . The method aleo 
Inwolwee the uee of the eloraeoope fbr dpoplete below go micron#, 
Xb the Z&reet Method of meaeurement, the epray droplete 
are enught on a taivet where they ranain euepended while beina 
eounted and eieed. Xn another modlfioatlon of thie method 
they leave an lapreeelcm on a elide oovered with a ami table
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eoating (e.g . magneelua oxide}, from whioh, uelng a 
enitahle oorreetlon fhaton they oen be oowBted end eleed.
t t  wee deelded to employ both theee la tte r tedhalqmee 
ae they wohld give the required informet&om on the gpray 
ftem one eat of meaeuremente#
I f  too many droplete fh ll on the eempling ereu oounting ie  
d iffic u lt and aggregation may eeeur leading to errore. For 
thie reaeom i t  ie  advleetle to ree trle t the awber of droplete 
fa llin g  on the eempling area hf expeeing fo r a ahort interval 
oBdy.
Among the fire t worhere to uee ae a target the eo-ealled 
"iH vreloD -liqtild* were Hmueeer and Strobl in  192h (7b).
Thie method hue the admmtage that, pnpovided no ep llttlng  of 
the dra^aete eoeure on h ittin g  the liq u id , the true droplet 
eiaee are obtained and oan be meaeured d ireetly . I t  hae 
tme diaadavntmgee in  that i t  ie  time ooneuming and that i t  
oamet be eueoeeefuTly ib?plied te eoaree apraye beeauee 
large dbreplete h ittin g  the liq a id  eurfbee even a t email dietanoee 
e t ll l  peeeeee re la tive ly  high momentum whioh may omuee then 
te epU t.
Rape in Ifb f (75) gave the following reqniremeBte fo r an 
ireion liq u id  f
(a) the liq a id  anet be abeolutely ladeoib le with the
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mwÊjmé llq p id .
(b ) The É M B ltj enet be leee them th et e f the q in je d  
liq u id  eo th e t the drope w ill e e ttle  to e eeemou plmue fo r 
photogreohy end yet muet be high euouffh te prevent any 
a^reeiaW e fla tten in g  o f the dmoplete.
(e ) Ibe vieeoeity unet be low enewgh fo r the drope
to penetrate the liq u id  w ithout bfuekiag vp o r evaporating and 
yet h i|^  enough tm re e tr ie t oonveotien and prevent an venant and 
eubeeqeen t ooaleeeenee.
(d ) The eurfaoe teneion nuet be lee in  order to  a lie n  
the eaall droplete to  penetrate the eurfaoe.
(e ) The vepeur preeeere «hould be 1er enough to pr event
the fevnation o f bubhlee ineide the e e ll.
( f )  The liq a id  nuet have good l i ^  tranm ieeien .
ehareo terietioe , be non t ead o and ae nearly ohenleally  
in e rt ae poeeible.
W e rinenta l
The liq u id e  inveetigated in  the eearoh fo r a eui tab le  
tuner eion liq u id  were parniT in-her oeene n ixture (h il by 
vol#»e), lig h t boroeane s .o . 0 .79 , heavy her#gene S.Q. 0 .8h , 
eUieone flu id  H .a.loO /1,000 c .a ., eilioone flu id  M.a.1107 
and eilioone flu id  V .a . $50 (7 6 ). The phyeieel oharaeterietioe  
o f theee liq u id e  are rhewn in  tbb le )  overleaf.
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hpwylmm m vied  out with water a t SO lh«/ia?  through 
aoaul# a (Tata# f . )  and the auup&ae wwra eulluatud 18 Ina# 
W tar the apray im a ahallaw 2 ima# dia#) p e tri dUh 
oomtaimUg the immaraiou liq u id , ^ t wae found that the 
droplete in  eaoh emee fe ll to the foot of the liq u id  and 
flattened out lealng th e ir apherieal ahape. th ie  wae 
prevented by eoattog the foot of the petri diah with a layer 
of vaeeline (77). I t  wae found neoeeeary to melt the 
vaeeline and run i t  over the baee of th# dieh to give a naoeth 
layer fbee of a ir  bhbhlee (eee Fig# ha). I f  the vaeeline 
wae uanelted i t  appeared under the ederoeeope ae ahewn in  
Fig# [|bf theee inolitded a ir  buhUee nade i t  neoeeeary to 
n elt the m eeline ae above# Both large and ouell dpoplete
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retained th e ir qphariodl dhepe reetime on the veealiee 
(eee F iga. he and hd) and eoeld be ooented and eieed 
w ithout the nee o f a eorreetlon fa e to r.
The wpamj Wboplete were neaeared eeiag am o p tle a l 
miereeeape w ith  a low powered cb jeetive giving a 
nagnifleatiem  o f 1 1 0 0 . The nlaeeeoope gyepieee wae 
f itte d  w ith  a lin e a r eoale whieh had been oalib rated  fbon 
a etage n io ranatar.
The average l if b  o f a dboplet im the d iffé ra n t liq a id e  
wae taken ae the tin e  In  eeeonde from the moment  o f fo iw atlen  
to the In e taa t when i t  v ie ib ly  began to evaporate, in  
average l i f e  wee got b r detem inlng the liv e e  o f 100 
# o p le te  o f eaoh eiee range. 
ivarage Ameelet djge
The epeeye weed did not give dreplete o f uniform diameter 
but a diameter varia tio n  ever a wide eiee range. Im a 
tfp ie a l eprey i t  wae poeeible to fin d  fo r evemple a email 
nohher o f droplet; whieh were about f i f t y  timee the eiee 
e f the a a a lle r dkmplete whieh ranged in  eiee down te  
below 10 nieaene. I t  wae t heref ore neeeeeary to empley 
eeme average droplet eiee whieh would give an ind ioation  o f 
the degree o f atomieatlom and yet have a phyeieel eignifieanoe. 
Ti e  itttroduotijoa o f euch an average droplet eiee ie
rm m  k
.if:*-é
»
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equlm lam t te  the repleom ent o f the eeteel epeey o f vide
eiee renge by e theoretioel eprey eoe%*oeed o f droplete
which ere h ll e f the eeme eiee eqeel to the average dbwplet
e iee . Thie eprey w ill e t l l l ,  hcwevwr, peeeeee eerteim
featnree o f the aotaal eprey whldh are im portant ftem the
p o in t o f wimr o f duet euppreeeiom# Beater (7 0 ), in
enelyeing the requir ememte  o f a # ra y  fo r an in te rn a l eoebuetlon
engine, defined the eprey finaneea by eeemaring i t  w ith  a
flo titio u e  unifbm  epray oompeeed o f dbopleta o f un lfon i
eiee and having the eame to ta l droplet eurfhoe and volmm ae
the aetual apray# Other worhere have need varioue aveiege
droplet eiee dianetere euoh ae Oeceeetrin Oount Average,
Oeematrie V b i^  ivurege, Arithm etio Average, awrfhoe Average,
tblene Average, hpeoifie eurfhoe and eurfiaee-per-enit-volnm e*
Hatch (79 ) and Choate (80) derived relationehipe between
theee average dpoplet dlametare# The one which leade ite e lf
meet re ad ily  to th ie  method o f eetiaating  hPoplet eiee and
whieh wae need throughout th ie  work ie  the arittm uitlo  average
o r ariib m etie  moan diam eter, h ereafter r ef erred te  ae A#D.s.
th ie  ie  a fbnotien o f the nonher (V ) and the diameter (D) o f
the dUoplete and ie  repraeented by^(HD)/igH. I t  ie  im portant in  
th ie  work einoe the projeoted diameter o f the d n ^ e t ie  one
o f the deterainiag faotore in  ite  ohanoe eneounter w ith  a duet
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p a rtia le .
I t  wee found neoeaaary to oount ibOO droplete fo r eeeh 
vM$me end th ie  wee *n e  by ooiuitine So droplete Im eeoh 
ÊÊÊiçlm0 i  e . eight eenpXee were tebee fo r eeeh liq u id  in  order 
te  élim iné te  ee fu r me poeeible erro re doe to emporuHon M d  
eggreention o f the droplete. 
typerinentel
The droplet eiee d ie trib u tien  eunee fb r eenplee o f 
droplete eolleeted on e l l  nix liq u id e  ere ehown in  F ig . $. 
te o it^  fb r th et ohWmed fb r the p eru ffln  beroeene n ixture  
the euruee ere e in ile r . The A .D .3. oeleuleted fo r the p e m ffln r 
beroeene m ixture ie  bleo high ee ohoen in  Tbble h. Thie ney 
perbepe be due to the m ixture being too vieooue fo r e l l  the 
m m ller droplete to penetiete.
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X f I t  ### #u«p#oted tb»t thfl flu id  did
mot ftllm r %h# wmllmr drops to p#a#t#m%# or kapt ttaa 
#poplet# UMur tha Burfaaa promo%lmg awporatlom mora 
eight aaaplaa uera Ukan to g iw  m hotter alma 
diatrlhutioB  and average droplet eiaa#
In  baaey karoaana a higher A.D#3. ama ohtalnad,
%hla any again ha doe to the affh ata o f elaooalty. 
the peak o f the dkoplat-alaa d ia trlb u tio a  anrva fo r th la  
liq u id  am# lav ar than th at ohtalmad w ith the other liq u id a, 
With lig h t karoaana very goad tmplmm ware obtainad, a ll 
# o p la ta  panatrating and retain ing th a ir epharloal ihapa 
fo r aome oonaidavahla tin e . The alaa d ie trih e tlo n  
eurvaa ohtalnad fo r a lliaona flu id a  U.S. S$0 and K.S. 
lOûAgOOO O.m# ware almost id an tlo a l; bowawar# the 
aearaga droplet alaa varied . lha droplata oould hardly 
ha aaid to panatrata the eilioona flu id a  hut ao tu a lly  
raaalnad auapendad near the aurfUaa w ith  oMwaquant 
oontlnaoua avaparatlon.
The avaiaga llv a a  e f dheplata from 7 mloronsto 
IPS nieronsfor eilioona flu id a  U.S. SSO* M.S. 1107 
and M.S. tOO/lpOOO O.S. ara p la tted  an M g . 6 . stnaa 
I t  taok IS aaoonda fhom tin e  o f aa^pHng to baglmnlng 
o f oount, very fee droplata baloa Ik  miaroUBwara 
aouatad unleaa a large nmmhar e f aaaplaa waa taken.
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With lig h t k#mD#eoe I t  #m# found th a t a ll droplata obaaruad 
laatad fo r a t la a a t 1!^  mlnutae.
I t  would tharafora appaar th at the only Iwmaralon liq u id  
whloh a a tla fia a  tha raqulrad propartlaa la  lig h t kaiuoaoa 
( apaolfla g rav ity  0 .79 , vlaooalty 1.32 oantlpolaa). Thla 
aH pllng flu id  allowB aapla tlma to oouat 50 dropa on aaoh 
I t  haa tha Icaraat vlaooalty o f tha flu id a  tria d  
allcariag droplata to panatrata tha liq u id  w ithout breaking 
up or evaporating and yet high enough to pr avan t too much 
movamant o f the droplata w ith aubaaquant ooalaaeanaa.
I  ta  aurfaoa tana ion la  loa enough to allow tha aam llar dropa 
to panatrata tha aurfaoa. sinoa tha danaity la  laaa than 
th at a f tha aprayad liq u id , tha droplata aatU a ta a œaaon 
plana anah lli^  oountiag to ba d»na Vy nieroaoopa. I t  
la  abaaltttdly Im la a lb la  w ith  tha aprayad liq u id  and ita  
tapour praaaura la  low enough to pravant tha fom ation  
o f hubblaa during counting* Tha important point o f good 
lig h t tranenlaalon q u a lltla a  la  alao a a tla fia d .
Tha flu id  waa uaad throughout tha fallow ing work w ith  
a malted layer o f vaaallna on tha baa a o f the dAeh to 
pravant apraadlng a f tha droplata.
K ffaat a f Applied Praaaura an Throughput In  f tr lr l Atomiaar 
Sohwaltaar (81) bdliavad tha flow in  an atpmlaar o rlfio a
3A.
to b# a ia ila r  to th a t In  a pipe and dapandant on Raynolda 
m b a r. Nawlawn atom aiation la  obrloualy to ba abtalaad 
In  tha raglon o f tu ib alan t flow . Aaaanlng Hia rlaoona 
loaaaa to ba n ag llg lb la , a aw lrl atomiaar abould tharafora 
bahava Ilk a  a p la in  atom iaar, tha flow varylng aa tha 
aquara root o f tha applied praaaura.
Tha throughpat fo r each liq u id e ra s  aura no mala waa 
maaaurad by apraying v a rtio a lly  doviarardo In to  a graduated 
oylindar fo r a auffia ie n t length o f tlma to anaura 
raaaonabla aieuxmoy. Thla prooadura waa rapaatad a t 21 
d iffé ra n t m luaa o f applied praaaura aver tha range 
$-$OQlb./in^« k p lo t o f tha raau lta In  Table $ ahowa a 
lin e a r ralatlonahip  batwaan tha throughput T In  gallona 
par hour agalnat tha aquara root o f the praaaura up to 
$OGQ.b./ln^, aa shown In  F ig . 7 . Dabla (82) denoted tha 
gradient o f th la  lin e  by tha aymbol K| I t  haa alao 
bean oallad tha flow number Fa by Wataon and d arka  (8 3 ). 
Pratloua work (8b) showed th at tha throughput la  not affaotad  
to any appraoiabla aatant by ualng aolutlona o f aurfaoa 
activa aganta having a aurfaoa tanalon aa lew aa 7$ dÿnas/om.
Tha raau lta o f Thbla S Ind laata th at tha fallow ing  
normal foimula hoi da i
q ■ Ao (8gP/p) ^
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Where g le  the thiwu^hpet In  ohhio fe e t per eaoond, Â the 
croie eeetionel nren o f the noaile o rlflo e e  In  square fe e t, 
o the dlBoharge eoeffS oient e f the neeale, g the 
gm eltatlonn l oenetant in  fe e t per neeoni square, P the 
applied preeenre In  lb  per foo t square and p the density 
e f the liq u id  In  lb  per mtble t a t .  However, I f  q Is  
mss eared In  gallons per hoar, A In  Inohas square, P In  lb « /iiu , 
f  Iw 32*2 fta/seo? and p is  Ib ./f t?  the fom nla beeomsa • 
q -  190t AdP*
• ■ Fn ■ at IFO t A#
the ooefflsleR te o f diechaige o f the various nonales are 
given la  tab le  2 as ealonlatod from the above form ula.
I t  has been su^rieeted by O elallea (B $,66,87) and 
Joachim (6 8 ) th a t the eo efflo ien t o f dlacharge e f an 
mtemlslng o rlfio s  dipeods on the Reynolds atmher (He) 
o f the flew  In  the e r l lee  and on the m tlo  of the length 
o f the noedle to kie diameter ( l /d ) .  The soeffiorleat 
o f discharge la  a t low va leo ltlea  a oomplleated function  
o f Hsymalds auoher ( hereafter referred to as Re) baoomli^  
v irtu a lly  oonatant In  tha turbulent region. Hs ae oaloulated  
is  not, hcwever, the true vulua fo r flow in  the 
nosdle. H its  is  bsaause f  the flu id  valooltgr used 
in  the oaleulatlon la  ohly a mean n n lal vwloeltgr.
36,
even Ht the o rlflo e  nme f id l end in  the oeee of e v iil 
•tom lsere en e lr  œve neunlly eniete to the m ine o f 
d, the o rlflo e  d ieaeter, le  Inoorreet. The velue o f 
Re ohtnined le , however, o f eome velue me i t  depende on 
the eene q aeatitiee  me the true Re. The ooefflo lente o f 
dleoherge have been oaloulated over the fh ll preeeure range 
fo r two nosalea 1 and F and are ikcem ae eo e fflo ien t o f dleohavge 
p lo tted  agalnet throughpnt and Re In  Flguree 8 and f .  lew 
valuee of o oeffio ien t e f dleokarge are nem ally  aeeooiated 
w ith a w lil atenieere.
Other worhere (87,89,90) found the eo e fflo ien t o f I
dleoharge to Inereaee n ^ ld lF  low valuee of Re, gm daally  
le v e llin g  out before an Irre g u la rity  appeared In  the ourvw* 
Following the irre g u la rity  the eurvee ahdwed a fa ir ly  eonetaat 
vu*ue o f a e e ffle le n t e f dieofaarge w ith  Inweaee o f Re# Thla 
le  alee %»parent In  Flguree 8 and 9 , the eo efflo ien t o f 
dleoharge inereaelng rap id ly  to Re #  2000 in  the oaee o f 
noeale 1 and 6000 in  the aaea o f noaale F# The eurvee ean 
be divided in to  three etagee, the f ir e t  oorreipendSLng to  
lam inar flow over a range o f Re « 0 1000 (Fig# 8 )
Re M 0 « 6000 (Fig# 9)# The eeoond n l# it be re la ted  te  
eonl-tH ikulent flow  and ahoare a t f ir e t  an inoraaee followed 
by a da area we e f dleoharge eo e fflo ie n t. The th ird  etage
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fNMÉld mppemr %# «oM##ond to turbolmnt flow and the dleehmm:# 
o o effio ien t in  th la  eeetion eppeere alneet eemetent.
Qlf%em end Meeeey (91) neine perepex noealee ehoeed 
th a t the a ir  cone in  a b a lla a l gnaeved noaale ie  fonaed 
eBddebly,end ae ^ e  e ffln x  area ie  redaoed by the fom ation  
e f an a iy  eem  the eoeddielant e f dleeharge w ill fa ll#  Thin 
endden irm g a la rity  ean be eeen in  Pignree 8 and f mnd i t  
ie  pnobable th a t the a ir  os re ie  being fbm ed a t th at m ine  
e f me.
Inereaee in  the eo e ffie le n t o f dieahaage ean be 
enplained ae the re e o lt e f fr lo tie n  loeeee in  the atonlaer 
deemaaing both the tangential and the a x ia l a e lo e itie e .
Deareaee in  the tan g m tla l aeloedty m an# a daoraaee in  
the e e iil and henee a daereaee in  ttie diameter o f the a ir  
eore# #e th a t the e ffe o tia e  area fe r flo e  through the o rlflo e  
beeomee g reater. ihen the a ir  oere beeoma aery naell 
#emgee in  diaanter bean aery l i t t l e  e ffe c t on the flo e  area. 
Than the e o e ffie le n t o f dleeharge ehoeld decreaee w ith  inereaee 
in  e r ifle a  d im ete r leee fr ie tie n  loee being encountered 
the la rg e r the o rific e  opening. Thle ie  Acam to "be the 
eaea in  tbb le t«
a ffe c t e f Prnaenm on Droelet ainn 
mix noaalea were inaaetigated to fin d  the mi%e e f
38.
droplet alee ebtmineble by a lte rin g  the applied preaaure. 
aeaplee #ere eelleeted  a t dlateaeee e f 18 la e . and U  In e . 
f iM  the o rifie e  o f a l l  aoaalee and alao a t 6 Ime. fra#  the 
o rifle e  In  the oaee of noaale A. The reea lte  eapmaeed 
ae A rith eatlo  Mean Mane tara ave gim n In  Thblea 6. and ?•
The veeulie ave In  geneaal agraanant w itti praelona eerk
9d»97)e Atonlaatlon ae expreeead by aaeaage 
draplet eiae iaeveaaae w ith  rie e  in  preaeare nove rap id ly  
a t lew preaaeree. At high preeearaa an inereaee in  
in jee tlo n  praeeare giaee a leee narhed daeveaea in  droplet 
alee» The iayraaenent e f atm dentien w ith  ineraaeed 
in jee tlo n  pieeaare generally oeneiete not in  a daeveaea 
in  the eiae e f the eaalleet droplete(ea 6 n ierane)bat in  
an inoraaee in  the madbar e f anell «beplete and a daoraaee 
in  the eiae o f the large draplete i  e# in  a graater 
array a n ifo n d ty  ae can be eeen fran Fignre 10.
The e ffe c t e f in jee tlo n  preeenre an the apvay eona 
angle ie  not apyraeiable provided the praaenrae are already 
high enough to prodnee a fb lly  devaleped apray eone.
I f f  eat o f o r ifie e  Ptaneter on Droplet siae 
la ilio r  work on p la in  and aw iii atonieere by Q elallee (8 $ ), 
le e  (95,97)# doyee (96) and aaea (98) bae indleated th a t an 
inereaee in  o rlflo e  dianeter deeraaeee the degree e f
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Th# ootttMt murfmo# b#W#mo j#t mad ml# 
(!••• orifimm ciraaifmiwmm X liquid umlooitgr) wlUi m 
plmlm mteaimmr Inortmm m o w  slemly with laowmm# in 
orifimm dlmmmtmr thmn thm wlumt of llqmld dloohmrgmd 
(i.m. orlfiam oroom Motion X liqold Mlemitgr) and ttmm 
mtomSomtloB doowmM#. tho piotmrm with mrivl mtomlMW# 
la mow oomplmm, otbmr fhotowo ooming into plmy. A ohmng# 
in oriflM dlMMtmr will mffmot th# mtlo of \ / à  whiA in 
tmrn will mffmot tho oono mmol# of tho opmy mo «hoon im 
Ihhlo f. In  m ooifl mtomlaor tho dogrmm of miomimmtlom 
ohtminod io vmiy dopomdmnt on mono mngle. A vidm-onglo 
oprm/ gioom gxmator ouvflmeo moatmot betmmm  liquid mnd mir 
but tho ohmmgo in tho oono itmdlf im tho rooult of 
inormmood tmmgontiml mad imdlml omlooitioo whioti mmol mi 
dioimtogrotion of tho dwploto# Thuo may ohnm#m in 
mtoodmmtion bwu^ ht mbout by ohmmgo in orlfiom mimo im tho 
rmmoltmnt of too rmlotod vmrimk&om § (a ) tho mm tie >f tho 
ovomm mootlon of tho oriflM to itm oiroumforonoo mnd (b) 
tho imtio 1/d# Atcmiomtlem mmy inoiooM or dmmromM 
mooopding to tholr roAmtiom mIuoo#
From Doblo 6 it omn bo moon that mt tho looor piommmwoi 
tho momtmgo droplot mimo iaorooMm with orifioo dimootmr#
A t hlghmr pioomuyom hornowor whom liqm id v d lo e itj im gromior
mtomlmtion doom not momwmrilj dmowm## «1th inarommo im 
o rifio o  dUmotor. With nooolo B vhioh tamo o Imrgor o rifio o  
üiB O tor thorn moohlo A and tho oooo oono ongXo # d ll^ t ly  
h ifh o r orowoo droplot oioo io  dhtoinod. Boodlo 0 «homo 
o rifio o  dtomotor io  gro t to r mgnim hot nhooo oono onglo io  oloo 
lo fg o r giooo o onollor oooiogo droplot oloo thorn o ith or momolo 
A o r B. I t  ooomo th at tho o ffo o t o f am imowmoo o f 90^ 
im oomo onglo fo r th io  noohlo w ith  odbooqoomt imoromoo in  
ourfhoo oomtoot botooom liq u id  and a ir  haa ororooma 
tho o ffo o t o f tho imoroaao im o rifio o  diamotor. In  
fo o t, ODOolo 0 ooomo to gioo tho loooot awrago droplot 
oioo o f a l l  tho moaaloo tria d  and i t  io  poooiblo th at i t  haa 
tho boot ooWblnatiom o f m riahloo no tho mo tho prodootlon 
o f a m a ll dboplot oioo la  oonoomod. I t  cam bo aoom 
fr a i tho root o f tho tablo th at tho o ffo o t o f fn rth o r 
inoroaoing tho o rifio o  diamotor io  to  dooroaoo tho 
atomioation doapito fn rtho r oonooqnan t imoroaao im oono an^o#
Dotoniination of Lnoo Oonmootiag frooamro and ivorago Droplot
B E 1
Dimanoiomal an a lja ia  haa boom aaployod by many workoro 
no i t  o ffaro  a onitablo noano o f n tilio in g  and oorralatim g 
omiotimg infoim ation. Obnaam C99 ) uaad i t  to dorlwo an 
oqnation ra la tin g  a moan égvçlmt dlaawtor to tho oporating 
oonditiona o f tho moadlo fo r a f la t  apray. In  th o lr otndy
u .
• f  mtamiamtlom by d lffbw m t m  Hid da yyaaor, Biaonklam
mnd Ibntorcnrokl (100) mmnloymd th# mmpw aion
Émrimé by dlmmnmimml
mnnlymin wldah in  ganmvni rdlmtmm thm propmrtimn o f thm liq u id  
mnd thm mtomdmar» «Kmrm d ia  m mmmn dianatar o f tha apiny»
Fn the fUar nndhep of the mtonioer fo r m atnndmrd liq u id ,
Ap the prmaaure d iffa ra n tim l, X thm aurfmne tamaion o f thm liq u id , 
6 thm eonm mngjlm, /L  thm danaity of thm liq u id  mnd ^  thm 
danaity o f thm mtmoaphmrm# I f  wm oonaidar m ainglm liq u id  
in  m ir mad m ainglm orlfiom  thm oxpraaaion w ill raduoo to i
- “imr d «  KP
D lfformat inuaatigm tora aooh ma Joyom (* 6 ) , loadhmn (101) 
mnd Murmaaov (lot) hmeo gieon foranlmo whloh mro in  mono 
mmama only appliomblo to m l ia i  tod amt o f oondiHLona. ?hia 
vma o f thm typm aama dU aator ■ KP mnd M«o4mn (101) 
found tho indoK m to hmeo m tmlum of -0«t7$ whmvoma Joyao (P6) 
ohtminod m enluo o f -0«3$« Thoao foranlmo wore dariaad 
ftan  raau lta o f maporimonta w ith  a a irl mtoaiamra ualng 
nelton uosu Ualng d iffé ra n t typoa o f noaaloa, both a a irl
42.
mad plmlm, Uiammm (108) ftnmd m mbb umlu# o f 0.2*8#
H o vow , aa ha inoludad p la in  mtomiaaro in  tha d atan in a tio a  
o f a naan ro ln a , tha valna ha ohtalnad w ill ba hig^iar than 
fo r the M ill, typaa. Another fhator vhioh any aoooont fo r 
aana o f tha d lf fa r  ana a batman reported fig vraa  ia  th a t 
d iffh ra n t mathoda have bean ai^oynd f  r  droplet moaanranant# 
I f  the law d ■ BP *^ vh ara  X ia  a aonatant and F the 
apolled preaanre  ) dariaed above fb r a aindla noaale w ith  a 
apaeifia liq u id  ia  appHoabla to the raau lta ehtmined a 
atm ig h t lin e  ahedld be ohtalnad o f dlope «0#33 when log  
A .D .8. ia  p lo tted  agalnat log e f P« Ih ia  p lo t fo r noaaloa 
A, B and 0 aawpled a t 18 Ina# from tha noahla la  abcm la  
Fig# 11# Above about 30 lb # /in ?  tha alopa o f tha lin o a  la  
appüodnataly » o#33 agreeing w ith  tha le lu e  obtained by 
dinanalon o f aaalywia# baluea o f tha gradient above and 
below the dbaage po int a t 10 ina# and 2*8 ina# from tha 
noaale are tabulated in  Thble 0 below.
thb le a 
Sampled 18 in a . fbum needle noaale
IbMdLe 1 Qandiamt
. d o . 3 0 U /te .*  A »va yo^uâ  B 00» 301ta/li^ a| 901b /li^
A -0 .9 8 -0.38 «1.12 -0 ,3 1
B «0.36 «1.30 «0.2k_
0 —1.0% -0 .9 6 .a . 20 «0.10
D «1.60 -0 .9 7 «1.00 -0.06S
r -I.m •0 .9 2 -0 .W , -0 0 6Û -9 .0 0 -0 .9 2 «1.20 •0 .2 1
F K ^U R
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GC
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A t 16 Ima, In  m il omwa mt high p##a#mr#  ^ I.m . aboum mhout 
30 lb./ln.#% hm  wàxm ohtminmd la  am •  0.33# M oar th la  
pvaaaora and mt ItS ina# tftm tha mnmhla ^VTing imlmaa vara  
ohtalnad. Thla vmj ba axplalaad by tha wida ranga ot 
dPDplat alma mnd oonaaquant inmooazmay In  da tom inlng tha 
A .D .f. ohtalnad mt Ijm praaaaraa IS  In a . from tha nomala.
A t bS In a . tha <*anga a f A.O.a# w ith dlatmnoa from tha 
noadla (ama paga vovld aaacmnt fo r tha v a ria tio n .
In  gaaarml tha Boat raprodaeibla flgaraa fo r mtomlamtlon 
arm ohtalnad mbora 30 and any matuml damt apa#ylng
la  dona mboaa th la  praaaura ao tha talua o f »  0.33 
rapraaanta tha noat ralavmnt fig u ra . Tha value o f n 
mppaara to da gram aa ma tha dimnotar o f tho o rlfle a  Ineramaaa.
I t  la tharafora poaalhla to mamaura aBroarlziOBtmlly tha 
mraraga Oroplat alaa ohtalnad mt tao pranauraa ( a#g.
So lh./iij and $00 lh ./ln ?  dhnar tha a tm lg h t lln a^  and 
mamaura tha valuaa o f K mnd n o f tha aqamtlon o f tha ourua 
fo r any momala. Ihua an mpproxlmmta pradiotlem  o f droplat 
alaa any ba mm da and mmy aava aoma o f tha uanml lan^thy 
prooadura o f d^oolat momauranant. 
mamtlonahlp Batmaam Knargy tp p lla d  mnd Bnar gy uaad in  
AtflBiamtloB
I t  la  uaafhl to omloulmta tha anargy auppllad fo r 
mtoadamtion w ith  praaaura Injaotlom  and compara I t  w ith  tha
AA»
mlmlmu# #n#rgy Mcaaamry fo r atomlaat&on. I t  ia  p o a d tla  
to aalaulm ta ihaae enargi## uning tha appromah auggastad tqr 
O lffaa  mnd Mamaaaa (10 3 ). Tha praaaura anargy auppllad,
Ep la  f t .  lh « A b . la  givan hy tha rh latlonidilp  
lÿ  m P/p
2whara F ia  tha appllad praaaara drop Im Ih . / f t .  and
p la  tha 1 quid danaity la  Ib ./f t?  tfaua, «hara tha
applied praaaura la  maaaurad la  Ib ./lm ?  and ohly matar
and d ila ta  aqpaoua aolutlona ara being mtmaiaad a t woom
taz^araturaa, tha aquation raAxoaa to
#p .  IbW ^/A .b .  2.31F f t .  Ibm Ah.
tha anargy raqalrad fo r ataniaatlon la  tha piwdaat o f tha
aurfhaa tanelon o f t e  liq u id  and t e  laeraaaa in  aurfhea
ara# par u n it v a lg h t. I t  aan ba asqsraeaad aa ''
Ea ( Ag ~ ^ l)/p
vhava A% and A f ara t e  anrfaaa araaa o f 1 o .a . o f liq u id
before and a fte r atoniaatlon reepee liv e ly  a n d ^ la \te  eurfbea
tanalon o f t e  liq u id  in  dyoaa/om. )
For a liq u id  o f u n it danaity a 1 o .e . apharai ta a  a
Burfnaa o f k.Bli but I f  th le  opbara la  diuldad lK|to
droplata o f diamatar 2$ m laroim te to ta l ourfhea area la  non 
.  ! !
2bOO on# I t  can ba aaan th a t the aurfaoa area o f tba liq u idj
before atoniaatlon la  na#OLlglbla oomparad to th at of, the liq u id  a fte r
I
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mtomlamtlom mmd i f  m rapid mppraxlmmt# •a tira tlo n  e f the energy 
required fo r mtomleetlen ie  uede the above ralatlonah ip  earn 
be a ia p llfie d  te tha fo ra
la  « ^ A f «  3  ^ V /lf  m 60,000 i / o  erge/gm 
where r f  la  the Areplet radlua, D tha droplat diamatar la  
mlaraaa aad f  la  1 a .a .
Thla may ba eomparad d ire c tly  w ith the praaeura energy 
1  ^ by eeavartlng to eu ltab le um lta, thua
m* •  60,000  ^ /t9 ,9 0 0  D m jgm. ,  lb . A b .
Tb# .p p m xlM te  iNkltM. e f Be end Bp f« r  the eoamlea 
are lla ta d  la  Thbla f .  Tha vhluae o f la  ware oalaulatad  
ftem the average drap let e&aa valuaa abtalaad by Aparlag tha
beat aerwe tfaramgh the exparlaeatal pointe. I t  aaa ba
eeen th at although la  laoreeeee w ith  ly# I t  la  raoh lower than 
axpaatad. In  re a lity  only a e ra ll p art a f tha energy la  
uaad fa r ataalaatlo n  o f tha liq u id , tha m ajority being 
imparted to tha a ir  In  tha path o f tha apray or converted 
In to  tharaal amaygy# The raXatlanahip between la  and Ip  
oan ba obtaimad from tha derived empraaalona Ip  »  2.31 F,
H  .  t  V o n d  D« k T l
• • ebwe k*' ,
9 .n  k
a baa already bean tabulated la  Tbbla 8 . A p lo t a f
la  va. ^  fa r moadlaa A and I aamplad I|8 In a . from the maaala
s fiat
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ia  abeam la  ba a eWmigbl 11mm im F ig . 12.
Iba parammiage a f Iba praaoara a a n u  m otaally uaal im 
aW alaallaB  o r am artj a lilia a tla n  la  alaa abeam fb r amah
praaaara im Tbbla 9» Tha n a v g j u lilla a tia a  rlaaa  aharply 
t i l l  I t  raaabaa a mmximnm o f about 2.5 par oant w ith  moaalaa 
1 and i  a t about 30 lb . /  im^. ib lllm g  o ff a t blgbar praaaaraa.
Tbla Im Haataa th at tbaaa moaalaa are ualma tb# praaaura 
anargy auppliab to thorn moat o ffla la m tly  a t th la  praaaura.
Hoailaa 0 , D, F and 0 uaa tha anargy auppllaë moat o ffla la m tly  
a t bboot So Ib ./lm ^ . I t  oan ba mataë th at aa tha o rlfio a  
Aama ta r o f tha momala laoraaaaa and, oaaaaquantly, tho throughput 
fo r tho aama a p p lia l praaaura, tha afflalam ay o f tha atomlalmg 
praaaaa grabaalTy ëaar aaaaa. Tbla appaara to ba dua to  
mara o f tba o^pliad anargy balag u tilla o d  Im prapalllm g 
a gram t a r valumo o f llq a ld  through tha maaala.
I t  la  poaalbla to oaloulata tha a ffio laaay  o f am 
atomlalng piaaaoa in  oma oporatloa fo llea iag  a aathod 
aoggaatffd by Magala amd bvama (10b). Tha afflalam ay o f an
atimaiÉlmg opovatiom In  uhloh a fraatlo n  I  o f tha anargy lo a t
I
la  praaaura drop A p la  uaad la  forming naa aurfaoa may ba
aapraaaad by
1 (/re
M ùpè d.^ m U (5~^  ^ fo r tho a n tlra  apray
 (/T((- A  p /6 ) m ^  fo r a almgla drap or
FROM
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m
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«Im pi 1# l i i i  A e p lit dUnwtM mmë 6 "  i l  th# in W rf« o ljil 
tM ilim  o f th i llq ilé #  B i i i l t i  ibtm im ië hy both methoéi 
lom piri M T j « lU  #1 ihovB Im Tbbli 10 b b li#  fo r «ombl# A 
m% ISO
W ble 10.
100 u/w^ -----------VSEmAbo we FennÉla
1.07 1.11
#UPlm%i#« o f ibimy w ith  D litin o i from Mo#ml#
S in n  mnrmgi # o p l# t  i I m  im l A o j^ it l i i i  H itrlb u tlo m  
n ry  w ith  U ltim o# fMm th i m oule i t  wm# é ia lë il t#  im n itlgm t#  
th# m rim tiem .
From Tbhlie 6 in l 7 i t  orna b# m m  th it  a t low p n iim re i, 
i .e .  M Iew  abowt 30 lb ./im %  the avemge droplet lia e  d io re a iii 
w ith d iit i mi i  te  b8 im i. from the m oitié. A t higher p re ivu re i, 
h ew m r, m eieiy iboM  60 Ib ./im ^ . the amrng# ^ p le t  e iie  
inem eed  w ith  d ie tim ei. Thie i i  explaim i4 by the dhorter 
ramie o f the M a ile r dee p la te  and th e ir predomimamoe a t 
highM  p m a w re i. tam er and lemry (106) omme te  a ila ila r  
lomilmiiem om itu d riag  the behaeiotir o f eprayi wnder high
43.
a ltitu d e  oondltiona.
Zn ardar to  dbtalm a more aaaot p icture o f the 
r^ tlo a e h lp  bateeea dletenoa ftpom moaele and averege droplet 
d ee o&taimedg the wpmj from noaale A a t 60 Ib ./in ?  mae 
mt^md a t the add itional dlatanoee o f 18,38 and 60 ime# 
fbom the noade. Theee revu lte  are given in  F ig . 13#
They ahoe th a t the A#D#e# inereeaee w ith  inoiwaae in  
dietanee f im  the noade.
F ig . H u dm re the varia tio n  in  droplet d ee  
d e trih u tla n  obtained fo r noaale A a t 60 lb ./ia ?  aenpled 
a t 8 and 60 ime. fta a  the monde, th le  ehowe even more 
d a n d y  how a la ig e r droplet eiae ie  obtained a t a greater 
detanoe ttom the noade.
The dope of the lin e  (a ) rd a tin g  A.D.&. and log F 
ia  oonaequently affected  by th ie  v a ria tio n . The p lo t 
obtained neing the dbta in  Ibblea 6 and 7 ie  them  in  
F ig . IS . and the valnee o f n obtained are down in  
Tade 11 bdow#
Thble 11 
td n ee o f n
Diatnnoe hrom Monde A ima.
B 1 18 i#8.
M ow
b tn k ./4 iJ
Above hdow I Above 
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The m riAtiem  In  À.D. 9. wi$h tflstanoe ehcnre in  the vmlnee o f 
n ohtmlneë, the higher m ine# o f à.D#$. obtmlneë w ith  cttetenee 
ffen  the nosele ehcnring In  decreeee# ile p e . Thle decreeee 
ie  eloo epperent in  the m luee obteined bélov abowt 3 0 1 b ./ln \
50.
« m o n  f
•rgffeot of derfhoe T w i o n  on Droplet fHwm
Liquid eerfeoe tenelon end w leoeeitj ftiroee im feneveX 
onpeue the dl#lm tegretioe o f e liq u id  je t . Aeoording te  
Risse (7 1 ) the eetlee o f the eerfeee tenoton féroee ie  
teo fb ld , hinderiag the f ir s t  develepsent o f eurlhoe d ie tertien e  
in to  liseseo te end eiding the fie e l etegee o f d lgreption . 
Therefore# whether the farestiom  o f ligesente eeeesed h j 
Oeetleees ($5 ) tehee pleoe ee es ie te reed le te  step he te  see 
the eostienoso je t  end the eepeiete d e p le te ,o r whether# 
on the other heed# i t  le  eeeesed th e t d ioplete ere d lre o tly  
formed e fte r  hreekieg o ff from the frimge of the liq u id  ooee, 
eerfeoe temeiom ie  obwiowely ee Im porteet fhoter (Jdwaeser (72) 
end L itts je  (7 3 )). Derimg the th ird  end f ie e l etege o f 
etom ieetiee whee the # o p le te  e lre e #  Ih ree i ere fu rth e r q p lit 
dP by the eursowediog mediim# the ewrfhoe teeuioe ftoreee w ill 
egeie pley ee im portent p e rt.
The Burfeee teesloB o f the etomleed liq u id  i *  o f oomroe 
e l so Im portent is  ieflw eneieg the eeee w ith  which the droplet 
wete e duet p e rlid le . A low liq u id  /  eb lid  ie te rfh e le l 
temeioe e lle v e  the liq u id  to op reed out eed wet the so lid .
The ie te rfe e ie l teeeiee between we te r eed o erte ie  duete# 
e .g . eoel duet# ie  rdLetiwdly high eed ee e re s u lt i t  le  otùj 
w ith  greet d iffic u lty  th e t theee duete ere w etted. I t  ie#
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therefore# reoogeleed th e t the see e f e low eurfhoe ten^oe  
llq e ld  thoeld be o f eeeietenoe in  e lley in e  dhet.
In  em e e A le r e tu ^  o f etomieetAon by the e r lr l etoedeer 
(106) i t  bee been ehoen th e t w hile the uee o f ed etio ne o f 
eurfhee-eetiw i egente in  pleee o f weter iw ehlte im imprewed 
etenieetiem  e t low m lnee o f epplh é preeeere# e t the higher 
preeeeree# eweh ee ere need indaetarielly to emppreee deet# 
the geim nee eegHgihh .  The eurfhee^etlw e n e te rie le  
tested were e l l  powerful oeneerelel w ^tim g egemte whioh would 
be expeeted to here e very high rate o f edeorptiom e t the w eter A ir  
im terfeee. Moreorer# owing to the rd e tire ly  le ig e  ndeowlee 
ImtDlred# edeorptiom ecjwld herdly he empeoted to be eeeHy 
end eoepletely ra re re ib le  (107 )• I t  hed been thought# therafora#
th et the eqellibriwrn eurfhee tension o f these eolutiene would 
be eehiered e laeet eteulteneoudly w ith the fom etion  o f e m^ray 
A w p let. Zn sp ite o f th ie  the droplet# praduoed from enoh 
eelwtlene were esmoh le rg e r e t high etosdeing paraeenree then 
oowld be predieted by oonpering th e ir eqeillbriem  eerfeoe 
tension ( "e te tie " relw e) w ith  th e t e f weter# I t  eesmed th e t 
eren w ith  eueh eeirfhoe m otire egente the fo raetien  e f new 
swrfheee by etow iestlon e t high preeeerae wee toe rap id  fo r 
edeorptiom to eoeplete it e d f  in  the tin e  e ra ile b le  end eon# 
interne d iet# (t% n en ie*) rd n e  e f serfhee teneien ty p ie e l o f
52.
m frsÉhly îonm4 surfera «es e ffe o tire * With the ir a  
oonoentretloQs o f surfeoe-eetire egents used th is  dymsmie 
re iee would s^roech the e q u ilib r ia  relue fo r pure w eter.
I t  wee era proposed to tes t th is  theory eed swteod 
our hnraledge o f the e ffe c t o f eerfeoe tension on 
etoelsetion  by e tra ls in e  e re rie ty  o f liq u id s . These 
were es fo llra e  t
(e ) liq u id s  o f oonctent surfhoe tension eed o f
rlso o e ity  epprsxieeting to  th e t o f w eter. Those
Qhraen were i
gycloWsemne
Geitwe tetrech lo ride
k m ixture o f Kerosene end 60/80 Petroleum Ether 
( hereefter r ef t r red ts ee K -  ns )
(h ) Aqueous solutions o f week surfhocHietire egente# e .g . 
iseWutel eleohol 
isoAmyl e lo ^ l  
eee.*O otrl eloohol 
(o ) Aqseras solutions o f strong surfsee-eotire egemte# e.g< 
Aodiws o leete  
Aodiue leurs te  
(d ) Aqueous solutions o f inorgenie se lte  o f equilibrium  
surfera teeeiee h l# ^ r  thee th et o f weter# e .g .
Todlwe ehlorids 
Geleium chloride 
Megaeeium ohlorlde
53.
The eleohole weed were lehcm tory reagent grades. The 
spdlsm leers  te  obteleed in  teehnioel form «es p u rified  by 
reerys te llis e tio B  from methyl eloohol, veshing w ith ether# 
end drying ie  e reoeum oren. the eodlnm o leete wee 
prepered from purs o le io  sold by esu tre lis ieg  w ith  osustlo 
sods# both being ie  aleoholio solution. Pheno lph thele ie  
wee used es estereel in d lo eto r. The sodium e e lt «es 
iso le  ted by eueporaiion. I t  «es rsorye te ll i  eed from 
eloo> o l, filte re d , weshed w ith e l i t t l e  eU»er, dried in  e 
raeuum euee end kept In  e raoeum desioeetor.
% rey Apperatoe end Droplet 3me>liog Method
The le e r pressure sprey w ith  eossle A es dseoribed ie  
Neetioe 1 , pegs 23 ,  «es employed here, end sieoe the A .D .8. 
end sise d is trib u tio n  o f the sprey were fbund to e l te r w ith  
ddstenoe eespllng wee eended out e t 18 ime. fhom the 
nosdle in  e ll  eeses. The droplet sempling method mnploywd 
in  geetiom 1 wee found setiefeetory fo r the equeous sprays. 
oyoloKemsne. oeihon tetveohloride end &*PB spreye ohld 
not, however, be sempled in  th is  wey es they were soluble 
im hers eeee . Other immersion liq u id s  were trie d  w ith  l i t t l e  
Sttooeee, mono being o f se fflo iem tly  low density to ellcsr 
the droplets to oink end prevent th e ir eveporetion. I t  wee 
therefore deeided to uee em 'impressions method* o f msesurimg droplet
54.
sAm # Im th is  msthod th# ta rg e t, memelly # nieroseepe 
s lid e , ie  œeered w ith  m eeitehXe eomtimg whioh muet be e f 
fime grein streetmre ee th et evem the emelle e t drogAet 
iwpreeslome ere d letim et. Key (1D8) need m eomtimg o f 
megmeeimm oxide obteimed by bernimg e megmeeimm ribbem 
end he re leted  A e aime o f the impreseieme fbrmed to the droplet 
eime# By th ie  method droplet# dsen te 5 mierons oen be 
detested e t en ffio iem tly  high impest v e le o itie e .
Btemehevshy (iD i) need e leyer o f eevbom deposited from e 
essky fleme te  detest droplets. The megmeeimm amide 
Impreseiom method nee fhmmd very setisfhetsry fo r sempling 
oyd lehsaeme. oerbon tetreeh lerid e emdlJWB. Iboplete o f 
theee liq u id s  were sempled by th is  method.
S lide rreperetiom
The megmeeimm omide Imyer wee prepmred by mowing e 
bernimg megmeeimm rikhem to emd tw% wmder e mioroseope 
slid e e t e dlstenee sneh th et the tip  e f tbs fleem ju s t 
dleered the gieee. A fiw e insh length o f one eighth rihben 
gswe e leyer e f edeqamte thiekmees. The oxide whioh 
ndhsred te  the glees wee smooth end e s ft w ith  e grain sime o f 
hbomt 0.S mieewem.
A Aroplet o M king  such e serfhee penetrates emd leewee 
e w e ll defimed e iro u le r impression whleh oen be wiemed by 
strong transm itted lig h t wider e mderoeeope. The
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Imprassioas eppeer me b righ t spots oe m durker beekgrou&d.
The leyer should be me th ick me the dlsmeter o f the droplet 
mad prsfersbly about tsioe ee thW c. Howeve r, i f  the leyer 
Is  too th ick I t  ie  iaoonweaiently fre g ile  mad flekee o ff the 
slid e  e e e ily .
■seesreesnt o f aerfsoe Teesioa
k drop method o f meeeuriag surfhoe tension «es 
esployed using Tredbe's s ts lep re is te r. The dropping tehe 
oonsisted o f a o ep ille ry  thbe# one end o f whioh was fla tten ed  
out to give e large topping  surfhee which»wee ee re fn lly  
ground f la t  end polished. The e e p ille ry  wee seeled on to  
e tube e f wider bore om which e bulb was blown end om the 
stem o f the tabs two nerke were etched, erne shove end one below 
ee mhowm in  F ig . 16#
The eerfeoe tension was eeloaleted from the member o f 
drops o f liq u id  which fe ll  from the end o f the 
stslepwcm ter w hile the le v e l o f the liq u id  wee Ih llia g  
from the upper to  the lower etched amrk. To inerssee the 
moeureoy e f the reedings, the tube Above end below the 
bulb was narked w ith  a eeele. With the a id  e f the 
add itlonel marks, fheotioas o f e drop eould be estim ate^  
to em aoeareey e f 0.0% o f a drop. 1b ensure th a t only the 
equilibrium  value o f surfhee tension was msaeured the 
vh loeity o f the liq u id  flow had to  be regulated so th a t the
FIGURE 16
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m ater of drapa per minuta did not axoaad flftaem .
The ratio  of the aurfaoe tenaiona of the teo liquida  
ia  givom by the ezpreaaion
1 /  & ;  -  " 2 4 / 4 * 2
where a i and #2 are the nvmbera of dropa yielded by the 
same volume of liq u id  and and d2 the liqu id  denaitiea# 
Te enable oonatant temperature to be maintained throughout 
the de terminationa, the end of the atalagmometer was paaaed 
through a rubber atepper which fitte d  inte the neck of a 
n a il bottle and the whole apparatua placed in a thermoatat# 
The eatimationa were repeated u n til the number of dropleta 
obtained for each liq u id  did not vary by more than 0.3 
to 0.$ of a drop. D ia tilled  water waa used aa the 
oompariaon lic p id . In order to an aura maximum 
accuracy, no glaaa a t liq ^ d  ourfaoea were le ft  axpoaed 
to the a ir and the working aurfacea were cleaned between 
each meaaurement, the aleaming aequenoe being chrohic 
acid, d ia tille d  water, alcohol and ether#
Reaulta
The aurfaoe tenaiona and viaooaltiea of the liquida
of group (a) are given in Table 12, The viacoaitiaa
owere ebtained a t 20 with a atandard Ü -  tube viacometer#
57. 
Table 12
Liquid Tteeoeitgr a t 90 dyne aec/cx^x lo r^
ohurfhoe Tenaion a t 20 dymea/om.
hater 1.CQL 72.5
erelehaaama 1.03 2 )a
Oaaton tehraohloride 0.96 26.9
TMnt 1.0b 23.9
The verle tien  o f eurfhee teneloB w ith  eolutien  
ooneeetret&en, me detemtned by eeaae of Tmdbe^e 
etelepm eeter fo r equeoue eolutioBe o f eoi^e end eloohole 
ere ahoim in  F ig . 17. From th ie  the oonoentrmtieme 
neeeeemry to give eolutlhea o f eurfhee temeiome 33 end 
$6 dpmu/m o f the ■ e te rie le  in  groupe (h ) and (o ) ware 
mated and auoh eolutieme prepared. Solutiona o f eadlum 
la  urate and eadimi o leate o f aurfaoe tenaion 29 dynoa/om. 
were alee prepared. ^aiiig the eomaentietioma given in  
the tfandhoek e f Fhyeioa and Ohenletry *(19%  éd itio n ) , 
aolutlome o f Iho n a te ria le  in  group (d ) were prepared o f 
eurfhee tenaion 82.S dyneg/om. in  add itional aolution  
o f e a le iw  ehloride o f aurfaoe tenaion 90. k dynea/oe.
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ta rth « r «xWndtd the leoge o f enrfiiee tenmiem im%eetlemted.
The a e te rie le  ueed weve A.R. q e d llty  em lte.
Cenperie>B of aiMpIlng e«%hodm
Veter dvoplete mpieyed from needle A e t preeeeree w ryin e  
fre e  10 -  60 were eeepled both by the iaonreien
liq e id  methed uelng Keieeeee •  Vmeeline end by the l^preeeloae 
method eelng ■efneeLun oxide. The eeerege *o p le t eiee eee 
eeleeleted  in  eeeh eeee end the reen lte p lo tted  in  f ig . 16.
I t  een be eoen th e t the eene e tre ifh t lin e  oen te  dmem 
thieugh both eete o f pointe indice ting  th et reeel te  
obteined eeing the iepreeeione method een be d ire c tly  
ooepered w ith  theee ueine the iam reion  liiy iid  technique.
I f  feet of Preeeure on %oplet dime
The liq u id e  e f grodP (e ) were etcnieed in  turn in  
the epperetee dhown in  M g . 3 (aeotloe I . )  ewer e renge o f 
preeeure. The ewerege dm plet eieee celculeted ere giaen 
in  Thble U .
I t  een be eeen th e t ee before the eemrege droplet eiee 
deereeeed w ith  inoreeee in  preeeure. A t low preeeuree# howewer; 
the e^erege d ie p le t eiee obteined e t oonetent preeeure de^roeees 
ee earfhoe teneion decreeeee. The eerfeee teneien e ffe c t 
becomee leee epperent ee preeeure inoreeeee m t il  e t about 
60 lb . / ie f .  e l l  the liq u id e  touted gmwe the eene degree e f
F ld u ^
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miom&mtlom ## w ater* ftm mqaecme molatlom# #er# atomleW
la  lb# #### wmy and over Hi# saw# rang# of pr###av#« 1h#
awtmg# droplet elm## are glwan in  Tkbl# lU . Again i t  
can b# eeen th a t a t 601b»/ln^* th# eerfa## tanalan a^ipaar# 
ts  hav# l l t t l #  #ff##tg th# dagxa# of atoaleatlon obtain## 
b#lf^ a ln ila r  to  lh a t o f w ater. .
Aa no in provenan t in  atonieatlon na# aehieved by 
aeing li# o ld e  o f lo r earfao# teneien above 
and th# pramear# mng# ^  0 -  0Olb«/ia^« 1# o f mort 
in te r# et in  daet #ivpv#eaion work, oonpreaaed a ir  eapply 
in  edn## wanally being 6 0 1 b ./in ^ ., only eodian In ara t#  
aolntlon # f aarflao# teniaon 3 ) 4yn##/em. waa atoninad aaer 
th# rang# 0 •  $00 lb # /in * . iha ro n d t#  are tabalatad in  
Tbbl# 1$ and show l i t t l e  varia tio n  ffon  the vain## 
obtained fo r w ater p a rtio a la rly  above 30 lb ./in *#
Pieggy O tilia n tia n
I f  the aotnal energy need in  the atnaiaation proeaa# 
(Ra I ft# lb m /lb . ) ia  oonaidared tfaera ia  a d iff arana# 
batnaan the valwaa obtained fo r water and thoa# fo r the 
other liq u id a  (Tbbl# Ih .)  th ia  ia  alna diown in  Ü&# 
paraantag# praaaura  annggy (% ;) n tilia a d  in  the 
ategdaatian piaaaaa alao tabnlatad fo r eadh vain# a f 
applied praaaura* Waa energy appear# ta  be raqnirad
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to o ffb o t mtomiamtloo I f  Iha liq u id  haa a low aurfboa
tanaioR, aapaoially a t high praaauraa* Ih ia  ia  aora
aaa lly  aaw  in  graphioal fo n i aa im Fig# 19. whioh la *41
p lo t o f praaaura anargy auupliad (Bp) to tha anargy raqnirad
fo r ataaiaatiom  fo r w atar and aodim  laaaata aolutioa o f
2aarfhaa tanaion 33 dynaa/aa# fto a  0 to $00 lb ./in  . J t
ia  a f im taraat to nota th a t a drop ia  aarfhea tanaion 
from 7 f.$  dyna#/om. to  33 dynao/on# ia  not aaoompan iad 
by a larga anongh daoraaaa im dyoplat aiaa to nalaydn  
tha valnaa o f Bh found fo r w atar* Abova 80 Ib ./in ^ . tha 
ahanga in  droplat aiaa ia  aa a lig h t th at tha ibHowigg 
re la tio n  holda #0proadLn ata ly
■aj /  lag •  Ï %/y 7 
aa dioam in  Ih h la  1$, tha anbaaript 1 ra ferring  to w atar 
and 2 to tha other liq u id #
A lowering o f anrfhoa tanaion, tharafora, iag»rovaa \ 
atoalaatioR  though i t  appaara to be anch laaa than \
would have bean aocpaotad tram tha valuaa o f a ta tia  a# ^
equilibrium  anrfhoa tanaion, aa laaa a f tha ava ilab la  |
anangy (Bp) ia  u tilla a d  in  tha prooaaa. I f ,  fo r aaaopla, 
tha aolntlon o f acdiun lam ra ta  o f aorfhaa tanaion 1
33 dymaa/am ia  under an aopliad praaaura o f hO Ib ./ln ^ . I
and haa tha aama value o f Ba aa w atar a t th at praaaura
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( ! • • •  M  ft.lb .^ L b .)g  th# avmmg# te p la t  mime obtain## 
«beal# b# 30 mlowam ebaraam i t  waa ac tu a lly  66 mlananm. 
la  B lraa#f «tata# tba aurfboa tanaion «aluaa quota# ara  
ata t ic  ralaaa a t aqmlliW iam a#aarptioB fo r tha «olatloma 
teat##, la  tha atoniaing praaaara la  inovaaaa# tha t lM  
ia ta ra a l fo r tha foaaaitian o f a # o p la t la  aaaOLl an# 
baoomaa coapaiabla w ith  tha time o f a#aaaption ta  
aq ailib riaay È .# . tha tima o f ahaaga tram #ymaalc to  
a ta tia  aarflaaa tamaian. Tha #yiiasla oarfaoa tanaion o f 0.02  
percent aaa-aatyl alcoho l qaata# by Boanar am# lla *a n # a r 
(110) la  7 f #ym a«/«. a t 0.001 aaa. an# fb lla  to a ataa#y 
talna o f $6 #yma#/cm. a fte r 0.09 aaa. which la  tha aalna 
o f a ta tia  avrfhaa tanaion fo r that oonaantmtion o f 
aaa-oatyl alcohol.
ld#iaon an# X U la t (106) wottdag on tha #ymnnia 
anrfaca tanaiona o f aalntlona o f athyl alcohol# ina aaorl 
and aaa-oatgl alaahela# foum# th at tha anrfboa tanaion a t 
tha nonant o f iaana fio a  tha o rlfia a  wag appronln itb ly  
th a t o f pure w ater. #a tharafora hawa a range o f 
anrfboa tanaion avam a t aavo tin #  from tha low m lnaa 
o f pure liq u id a  lib #  carbon tatradhlorlda# to tha high 
«alnaa o f tha aquaoua aolntioaa and w ater. I t  would 
tharafora appear th at a t a praaaara o f abowt 60 lb ./ln ^ .
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tha awamga droplat alma pradaoat la  Indapaniant o f tha 
aarflaaa tanaion o f tha liq u id  no n a tta r nhathar tha dynamla 
or a ta tia  vnlua la  oonaidarad. i t  high praaaara tha 
foroa of atom laation la  rd lm tira ly  ao much gram ta r than 
tha aurfhoa anargy foroaa th a t tha la tta r  p lay a vary anaU 
p art in  tha proeaadinga* I t  la  aaaanad th at a l l  tha 
liq u id a  taatad had a iad lar v iaao g ltiaa . In  fhat# aa can 
ba aaan from Ihb la  Ul»1lia viaaog ltiaa a f tha Imorganio 
a a lt aelutiona vara a t la a a t taioa th a t o f tha w ater but 
avan th at aaaaad to have l i t t l e  a ffe c t on tha ra a o lt.
^ t la  o f in ta ra a t to note that d iffé ra n t aolutiona 
a t tha aama value of aarflaaa tanalom prodaca a im ila r 
aiae d ia trlb o tio n . Thia la  ahown In  F ig . 20. in  the 
foam a f auaulativa alma d ia trlb a tlo n  onrvaa a t 20 and 
60 lb ./ln ^ . fo r eyblaHanana and w ater. S im ilar curvaa 
ware obtained fo r tha other aD lutiona. The change ta  
tha aonulativa aiae d ia trib u tio n  ourva uma nada to allow  
tha raau lta to ba praaantad e la a ily . i t  lew praaanraa,
20 Ib ./ln  .  and below# tha im ga o f droplet aina and tha 
varia tio n  obtained glvaa a vary In d a fin lta  ourvw whan 
p lo tted  as anom al aina d la trib u tio n  ourva. Ihaaa 
curvaa ehcw th at a t low atcadalng preaauraa# ourfboa 
tanaion haa an influença on Üia die trib u  tie n  but a t
li I
/
I
/
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hlghar prasauraa I t  ha# d d  e ffa a t.
E ffaa t o f Conaaptpation o f aarfbca io tiv a  ig a a t 
From Tbbla 16 I t  la  apparent th a t In  aa fa r  aa 
aonoantrmtlon o f aarfkaa aa tiva  agaot a ffeo ta  tha 
aurfaaa tanaion o f tha aolut&on, ohanga in  
aonoantration a ffa a t atonlaatlon a t low praaanraa.
A t highar praaanraa oonoantratlon a f anrfaoa ac tiva  agarrt cam 
only a ffa a t atonlaatlon thiangh vlaooalty o r danalty 
Inoraaaaa. I t  would tharafara aaan th at gaina èlnlnad  
la  uaing anrfboa aotiva agant aolntioaa to la y  duat (63) 
ra la ta  to  tha inaraaaad a b ility  to wat tha duat and not 
to Inprovad n to n i* tla n .
64.
3iCTIPII 3
rffn c t o f apimya on Paat in  flnipanaiom 
Puat Chanhar
Tha duet aadlnantitlon diaabar anplayad im th ia  atudy a f 
doat a o ^ a a a le a  by aquaoua apraya aaa oyH ndrioal la  dhapa# 
flv a  fa a t la  halght# 18 Inohaa la  dtm atar# a f aapaoity 
F$0#96li 0. 0.  Ih ia  ohabbar éaaiga had oarta ia advaatagaa t
(a ) Tha « a ll a ffa a ta  am tha duat la  aaapauaion «ara 
amda aag llg ih la  by tha lavga d ianatar.
(b ) Tba oyllB dhlaal abapa alim iaatad tha *daad* 
apaoa aaaaaimtad w ith  a cubio ohahbar o f a lad lar oapaolty.
(a ) A tham al p raa ip ita to r aaapla o f tha duat la  tha 
ohaahar oould ba takan w ithout eauaiag a aarioua daoraaaa 
in  tha duat oonoantm tlon.
(d ) Tha dtamatar o f tha ohaWhar anablad apraya o f 
wida oona aaglaa ta  ba uaad w ith  mlmlmaa loaa a f 
affia la ao y  daa to droplata atrih ing  tha w alla  o f tha
Hhawhar Conatrwotiaa
Tha ohaahar wag oonatraotad o f galvaadaad Iron  
ooatad lo ta m a lly  w ith  w att blaok p a in t. Tha aoaloal 
baaa to aaa la t draiaaga and tha o lrau la r aovar a t tha top 
«ara f itta d  w ith  rubbar gaakata and wara hdid In  poaltioa  
by alght b o lta and wlmgad muta. A fowr-bladad fan# 1$ inohaa
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la  width# «aa nada froa aXm iniw i aheat and f it ta d  throi%h an 
apartara In  tha oovar. Cara waa takan ta hang tha dhadbar 
tru ly  v a rtla a l bafora i t  waa boltad In to  poaltlon on tba fiaw a. 
A anall obaarvation windga waa provldad to p a ra it Inapaotlon 
a f tha daat aloud and mpray. Tha «pray noaala aould ba 
Inaartad through opaniag A (P ig . fl.) ao th at i t  would ba 
altuatad  a t tha oantra a f tha ohawbar In  poaltlon to apiay 
v a rtia a lly  downmrda. A diwwlag o f tha ohawbar la  ahown In
Pig. a .
Thaiwal P rao ip ita to r U nit
Tb anakla daat m m laa to  ba takan a t any la v a l in  tha 
dhanbar# tha Thamdl P ra a ip lta ta r ( kaoraaftar ra farrad  to aa 
T .P .) had to ba imlaad and lowarad inalda tha ohaahar.
Thia waa dona by thraadlag tha d la a trla a l aabla and 
aap ira ta r aonnaotion fPon tha f  .P . haad thiough a flv a  fe a t 
langth a f ona inah bora aappar tubing «blah oould ba caaapad 
in  poaltlon a t any haight. Tb prevent leakage a f daat tnm 
tha ohaahar tha tubing paaaad through a bouaing laeated  on 
tha chahbar aovur. Thia coapartuant waa f it te d  w ith  a e lid in g  
daar abutting an to  a rubbar gaakwt. A aha at  a f blnahanad 
alm iiniuw  bdld again a t tha ahaahar eover by a rubber gaaket 
aaalad o ff tha ohaahar whan the T .P . waa withdrawn In to  tha 
houaiag. The T .P . u n it la  a plaaa o f atandard agwlpwant
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#n6 1# opermWë in  the wnner  yeeommenâeë hy Ceee&lm (1 1 1 ).
The epoemtne «miAoyeë fo r the proéuotlon o f e fin e  dhet 
oloed le  ihcem in  F ig . M . 1% «me m m oélfieë form o f thmt 
nee# hy Dhntrehenée e t e l. (118). A ir fro# m low preeenre 
m ir hlcerer entered the duet oontminer thrmtgh three M i l  
bore gl&ee tdbee, erentlng m mortem «hleh lif te d  the daat 
me through the e lu trie tio n  ohenber mod oyelone eepmimtor in to  
the dhet ohmhber. the duet dieud oonoentretien ohtmlned eould 
be a lte red  by varying th# blowing period.
Ohly very m U  duet p a rtie le e  reeohed tha ehanber and 
reproduelble oloude o f p a rtlo le  alee 99 per oent 5  niarene 
were obtained «hioh would ranein in  emepenelM long enough fo r 
'neaanreeente to be nada.
The aiae analyeie o f # o  elomde o f eaeh o f the three duete 
meed a fte r one hour natural aediaentetion in  tha ehanber are 
given in  tbble 16 . They idiov the reprodueibU ity o f the oloude 
w ith regnrd to p a rtia le  a iae . P a rti die oounte were nade on the 
a ll dee need fo r alee andlyaie and ehow the rep ro d u e ib ility  
w ith  regard to ooneeotTation, (Thble 1 7 ). The eiae analyeie 
o f the a r t lf ie ia l duet douda agree very w d ll whth thoee fo r 
the tno aiabom e coal duet oloude and a aimed rock and coal 
duet dloed eenpled underground.
The rependneib ility  obtained w ith  the apparatue aliened
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■praj efflelem ele# to  be ooepered e t e ia ile r  duet concentration# 
and, me the mnge o f p a rtic le  eiae obtained in  ouapeneion le  
0 .2  micron to 6 m lo ro a#,i.e . th at tel&evodt# be moet In jcrlo ae  
to health and moet d lf f ie d t  to fdmove, th ie  laboratory appaimtue 
enabled mining conditioBe to be reproduced.
Meaeuremant  o f P a rtic le  aiae
The aiae o f a epherioal p a rtia le  ie  orm pletely defined by 
l ie  diameter but p a rtid e e  o f irre g u la r rtiape may be oharacterieed  
in  uarioue way#. They depend on eome p a rtie u la r property 
o f Hie p a rtia le  being eoneidered. D ifferen t method# aeeeee 
d iffe re n t aiae -  dependant propertlee each ae eolume, enrfaoe 
or raeletanee to mo tie n  in  a flu id  o r lig h t ecatterlng power.
Ae the theorlee are derived fo r epherioal p a rtid e e , the aiae  
o f an irre g u la r p a rtid e  ia  conveniently emproaeed ae the diameter 
of the aphere, haring the eame volimm o r eurface, e tc . O dy  
fo r epherioal p a rtid e e  w ill the elaee by d iffe re n t method# be 
the eame. In  the eaee o f Irre g u la r p a rtid e e  the elaee d iffe r  
not only aocordlng to the method o f meaeuremant but aleo In  
worn maaeuremente aooordimg to the orien tation  o f the p a rtid e e , 
ae fo r exemple, in  the cnee o f projected area.
I t  la  ueual to reeo rt to  an a ib ltra ry  e ta tle tio a l diam eter. 
Thie ia  taken ae the mean dietaaoe betaeen the tmo entrome 
pointe o f eaeh p a rU d e  «hen a ll  p a rtid e e  ly in g  a t random are
68.
■MOttred In  one fined  d irec tio n , i .e .  the horieontel ax le .
MioroeeepÉ Method
The d ep len t method o f determining the eiee o f p e rtld e e  
in  the enbeieve range ( 76 mieronsdown to 0 .2  mieron ) ie  by 
d irec t maeeureeen t o f the dirnenelime o f the magnified immgee ae 
eeem under a mieroeoope. The eeeeuremente are generally  
made by rie e e l eomparieon w ith  the areae o f image# of refbreoee 
e lro lee  which have been previouely oalibxeted by mean# o f a 
a tag# mleroaniter. The image# are aoearate m agnifioatione o f 
the p artld iea  and the mieroeoope method ie  probably the moet 
a n o t o f a l l  method# of aiming#
The aiae eo taa lly  maaeared la  the diameter o f the c ird le  
having the eame area ae the unmagnifled projected image o f the 
p a rtid a , teimed the area diameter#
Vhen duet elouda oontaln a mange o f p a rtic le  elaee a 
number d ia trib u tio n  ie  eb aimed by p lo ttin g  agalnet eaa ll 
in te rv a le  o f e ia e , to  derive a hietogfem, which in  the lim it  
beoemee the eiae frequency curve, ainae the ahape o f the curve 
depend# on the in te rv a l dhoeen, i t  ie  preferable to p lo t number 
per u n it aiae in te rv a l agalnet e iae . \
The mean value rapreeente the p a rtic le  eiae oorreepondlng 
to  the centre o f area ( centre o f grviTity) o f the area 
•ncloeed by the eurve and the x a x ia . The median value ie  the
i * \p a rtia le  aiae a t which Hie duet oould \m d lvidad|/into two'^ portiene
\
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o f equal anitep and the mode rapreeente the moet 
frequently oeenrrlna p a rtlo le  alee# th at le , the p a rtib le  
eiae oorraepondini to the peak o f tha eiae d ie trih u tio n  curve. 
The nuaher mean p a rtic le  eiae which eorreopoe^e to the eentra 
o f area o f the aiae d ie trih u tlo n  curve ie  obtained from the 
eapreaeion Z  (N D )/Z h .
Dp term ination o f Duet Obnount»mticn
In  order to  obtain the higheet poeeible degree o f accuracy 
(1 1 3 ,llh ) a Thermal P recip ita to r mae need te e o lle e t emplae 
o f the duet cloede in  the ohaeher. I t  ie  claimed to be 
100 per cent aeaevate fo r S micron p a rtie le e .
The aamplee ear# dapeeited on tao cover gla a eue which 
«era them mounted fo r evaluation on a mieroeoope A id e , by 
maane o f an aeetome ath jl aoetate aolutlon or a aelution o f 
oomaaroial n a il vam iah dhieh providad a M g ile te  aeal 
pieventlng moieture Mndaneing on the duet p a rtie le e .
aamplee were evaluated by oowntimg the number o f a rtic le e  
in  a eeriee o f a trip e  o f kmcmn width on each eover glmae.
Qare wee taken to tieveree rig h t aeraee the depoelt and 
to foeue eneceeeiwaly both on the undareide of the eover glaee 
and en top e f the e lid e  ae a few large p artie le e  tended to fh ll 
from the oover A """  and am appreciable a ir  apaoa generally 
emieted beHreen i t  and tha A id e .
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I f  the l angth  e f the dppoeit le  t am ., end the w idth e f 
# tveveree ie  W nn. there w ill he 1 /t  tievereee in  eeoh dapoeit.
I f  the evarage oaumt eeraee the dapoAte fvoa eeoh Ada ie  
#1 and #2,  ? hAng the velene o f duet ladan m ir aatpled then
the to ta l nunher e f p p rtlA ea  per cehie eentdnetre ie
f  1
i t  le n e t boo p a rtiA e a  ahoAd he oaanted in  eaA eaee te
enenre the hibheet poeAble mooamny.
1 tlA e re  Prajeotion Mloraeeope wae need te evalante 
the alidee#
the lim it  o f A e ih ility  dependa on the ohjeeAve employed, 
the method o f iH ted n a tio n , the method o f moentdmg end the natare 
o f the parA Aee»
1 t  M . o il iamereion A ijeoA ve o f momerieal apertare 
1 .9  w ith  b rig h t f lA d  illa n in a A o n  enpiAied by a meronry  vepenr 
Im p  wae need w ith  a 110 oeepene ting  eyepieoe. th ie  
oomhimatien gave a magA fle a  Aon o f AUdX) enabling parA A ee  
o f 0 .2  mieron to be A etingA H ied .
A Pattereon Camaud type gaaAAe giving a A oeA y apaeed 
range o f Aaee wae need to  Aee the em plee.
ie fa ra  determining the A  fe e t o f aqneoae m raye on duA Aend
7^ %
méimantation i t  wme neoeasmry to atady tha natural aaAmantation o f 
tha oloud under g rav ity .
Sadimentatloa and Aggregation o f Ddet Clouda 
A p arU A e euapended In  a gas nay nova under the influence o f the 
follow ing forces i
(a } Forces which o rig in ate independently e f the gae
(e .g . g rav ita tio n , oentrifugal notion, A e c trio  f iA d )
Ch) Foreea whicdi are the d iren t re e A t o f the noleeA ar 
a e tlA ty  o f the gee ita A f .
( e .g . Brownien Me venant. )
A liq u id  or eel id  oarA A a euapended in  a gee la  eehjected to 
bombardaent by the noleeAee e f the gee. I f  the p a rtic le  ie  large  
eonoared to the mean free  pmth o f the gae ( i .e .  >  10*^cn.) the 
generA e ffe c t o f the neleeular boadmrdhent w ill be a unifona preaaure 
exerted nom A ly over the e n tire  enrfaoe o f the partlo le .
The A  tin e  te  eetA ing  vA o e ity  o f p a rti A ee >  10**^en. under 
g raA ty  ia  given by Stoke'e Lew. I t  ie  aaauamd th at fo r an A l 
parA A ee there ie  atram Ained flew  o f the flA d  past the p a rtic le  
when there ie  rA a tiv e  movement between the two and the reAetanoe te  
motion B ie  oA y m ffeeted by %
(a ) BAaAve ve lo c ity  (V )
(b ) PartâA e Aameter (d )
( t )  F lu id  absolute vA o e ity  (v )
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P artlo le  ahape w ill, o f courae, have a bearing on the raeietamea 
to Botioa, b a t, a t th ia  stage, oomaideration ia  ooafined te  
p a rti A ee o f apherieal shape.
By applying the theory o f Aeeneiona i t  ean be ahoen th at 
R # KVdv
stobee found th at f  r  epherioal p a rti A ee the value of K wae
3 >  .
When a p a rtiA e  fh lle  fre A y  in  a flu id  i t  w ill quioAy 
a tta in  am A  tin e  te  or •tam in a l vA o A ty" a t vA eh a ll  fa rth e r 
aeoA eratien oeaeee. The foroa due to g ravity ie  bAanoed hf 
theae rw A etive forces.
Thus, fo r ae A l p a rtlA e e
3 JTt . .  .
where ^  ie  the danAty o f the p a rtia le  and ^  the danAty o f tie  
f lu id .
Bon-epherieA p a rtiA e e  fh ll in  the poA tien  in  which they 
enoowntor neaii—  raA etaaee. Thus fin e  o ryetA e fh ll w ith th e ir 
longer axle horieontel, eiw U aA y a ouhio o ryetA  fa lls  point 
dofmanrda, a p la te  or Aee im a h o riie n tA  poA tion (1 1 $ ).
For p a rtiA e e  ^  50 Aercne diameter, wAeh are o f primary 
concern in  duet oontrol work, term inal ve lo e itiee  are atta ined  
in  a frac tio n  o f a second eo th a t aee A  oration periods may be 
neglected.
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BMPtioXee M l l T  than th# Mean Free Path o f the Qae
Stoke*e Lav ie , hovever, eebjeot to a Icerer lim it . When 
the Aepereoid p a rtic le  diameter approadhee the mean fre e  path o f 
the gae voleeA ee, the reeietanee to notion w ill be leee than, 
and the ee ttlin g  veloo ity greater than, th a t vhioh wo A d  be 
oAeAmted from Stoke'e Upr. Thie ie  doe to the tendaoey o f 
the very eaall o artio lee  to A lp  between the moleoAee o f the 
gae.
I t  hae been ghovn by Onnningham (116) and M illik a n  (117)
th at
V ■ f^ ( 1 4. I  A /D  ) where Y ie  the tree  ve lo c ity  and 
the vA o e ity  eorreeponding to Stoke'e Law, \  being the mean 
free  path o f the gae moleeAee and r  the raAue o f the p a rtiA e e .
K ie  a eonetant apprexlm atAy eqoA to 0.86# The Oenningham 
correetlon on Stoke'e Law heoomea imi;>ortant fo r p a rti ole e o f 
diameter < 3  mierone e e ttlin g  in  gaeee.
The in t ern a l e ta b ility  o f a duet Aend ie  p rim arily  
dependent on the oonoentration vhieh daterminee the m te o f 
aggregation and on p a rtiA e  eiae vhieh datefidnee the eetA ing  
ra te .
I t  ie  w A l eetaA iohed both th e o re tie a lly  and eaperimendelly 
( H I ,  H F , 120} th at Brownian mowment oaneee eoagAatlon o f daA  
Aoud partiebee a t a ra te  proportionA  to the equare o f the nuehcr
U.
ooiK M tratioB  B%
When ih it  relationehip  holde, i t  Mans th a t a l l  o r nearly a ll  
p a rtiA e e  adhere on e e llie io n . à nwber e f reported reeA te  
ju a tify  the aaempbioa o f 100 per cent e e llie io n  e ffie ien o y  
o f o A id  p a rtiA e e  (H F , 180, IA ) .  Even in  e t i l l  aeroeole, 
the obeerved ecegAation ie  never la ee end ie  neually greater than 
th a t predieted by theory.
Goneentiatione o f erne m illio n  p a rtiA e e  per oobio oentlmmtre 
ooagAate a t the in it lA  ra te  o f f  per oent per A nute w hile a 
Aoud o f ooneemtemtiom 10,000 p a rtiA e e  per oubie oentimetve 
o f 0 .3  mloron Aama te r w ill eetU e under g raA ty  a t the imte 
o f t  cm./hour and ooagAate due te  Brownian m o v m t a t the 
in it lA  ra te  e f one per oent per hour ( 188). »
KumkA (183) found on oA eA ating  the mndier o f aggregatee 
due to Aarged dttet p artio le e  th a t aggregation ie  n eg lig ib le  
i f  the Aoud denelty ie  leee than ene m illio n  p a rtiA e e  per 
oubie oem tlaetre o r i f  tha avenge A a ig e  o f one Agn ie  w A l 
bAow 1,000 eleetrone per p a rtia le .
Bkytlew O iey (18k) and Olen (b7) fbund aa In it lA  period  
la A in g  eeven l heure ( dependant on the In it iA  duA  
ooaoantntion ) during vhieh the number o f p a rtie le e  preeent 
in  eaepemeion daoreaeed im piA y w ith  tim e. th ia  wee followed 
by an interm eA ate period during v h iA  the daereaee wae not ae
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m#rk#d,le#Amg to m fin a l ae tttin g  period "hem the obamge o f 
eoneentra tio e  w ith  time wae very A ig b t. Theee reeu lte  
earn be ample ined in  teerne o f the eombimad e ffe e t o f natural 
■edimamtatiem and aggregation.
Invm AlgatioB e f Beet doud gedihientatlon 
I f  the in it ia l dm e t oonœntimtien wae o f the order o f 
10,000 p a rtie le e  per eWbie eemtlmetre and ene f f  per eent 
0 .8  -  f mierone, the dagvee o f aggregation woAd be neglig ib le  
and the rate e f eedhnmtatlen low . fb r th ie  r eagDn and Im 
order to appawaeh aetmal mlniae eonAtieme the laveetigatiom e 
deeeribed here were earried  out w ith Aowde e f ea 7,000 
p a rtie le e  per edbia eemtlmetre.
rig. 83 imdimatee th at eaeh a elend w ith few aggregatee oam 
be obtained a fte r l i  hoare eedlmentatlan fo r eaeh da e t. i t
th ie  point the f la t  taming out o f the curve iad ieatea th a t the 
fin a l o r very Aofw e e ttlin g  period hae ocememeed. The time 
o f bleeing wee in  eaeh eaee 10 eeoonde. theee earv ee were 
obtained by withdrawing aamplee from the eloed on fbiw ntion  
and a fte r i  how , 1 hour, l i  hoere, 8 heere, 3 heure, k hoere,
5 heere and d heure eedlmentation. the earvee obtained were 
found to be repw deeible.
Bomogemeity e f the Daat doud
I t  wae maoeeaary th at both the oonoentration o f tha oload
Ac.
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mmë It#  s lM  d letrlbu tioB  ba unifbm  thioughoiit th# ohaËbar. 
atnoe th# oloud va# la ltlm lly  fonmad by v io lan t glowing, th ia  
wa# not lllra ly  to b# tha oaaa mt f lr a t*  A fta r « nhort parlod  
o f tin # , hoaavar, tha oloud should bava baeoa» a tabla and tha 
only movaaant ihoald ba th a t o f p artio la#  fh llim g unéar tha 
g ra id ta tio n al p u ll and daa ta  Broanian novanaat. For obvüma 
raaaona eonvaetion onrianta dioold ba radaaad to a minimnn# 
Sanplaa o f tha daat oioada piodaoad aa daaoribad abova 
vara takan a fta r >0 n in a taa ,é t nlnntaa, and 90 minuta# 
aadfmantatlcni a t lavé l#  à* B and F oorraotions bain# nada to 
ooapanaata fo r a l ta ration# in  oonoantration w ith üna of 
amapling. A aima analyaia and oonnt wara o airlad  ou i on 
aaoh a lid a . Tabla# 18 and 19 ahcw th at both th# comoantration 
and aiaa d la trib n tio n  a f ooal daat wara IhiiOLy aonatant 
throaghottt tha ehaabar a fta r 90 mima ta# aadlmantatioo. Xh 
Tabla 19 tha axparlmantal ai## d ia trib u tio n  a fta r 90 minuta# 
ia  oomoarad w ith that ebtainad by tha applioation o f Stohaa 
Ijm  to th# 30 minuta aadlmamtatiom auparimantal alma 
diatribm tioB . Th# data would appear to indloata th a t thara 
wa# l i t t l e  oonwaatlon movamant in  th# ohm bar# Th# foragoing 
raab lt#  mad# tha fallow ing aaaumption# poaslbla
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A . - A m r
Si## a#mg# 
*i#*#mm 0*1# # *  - Omle » ? Cmlfl
o.;-o .k 8.1 T -f 8.1 9.b 8.0 8.7
o.h-0 .6 27.1 Î1 .J 96.8 9@. 6 26.9 27.6
0,0—i# 2 98.6 ae.9 a .) 99.2 27.? 2S.Ü
1.9-1.6 90.0 20.6 29.3 22.0 91.3 23.0
X.6-2.0 6.1 6.2 k.2 2.9 5.2 3.8
2.0»*.5 #.1 3.$ 2.0 5.0 l.k
2 .W .0 li.O _ 3.7 3.6 1.7 k.O b.2
1.1 » 2.1 3.li 2.2 3.1
a .o ^ .o o.a 0.6 0.1 0.6
5.0 » « 0.2
100. D 100.0 100.0 100.0 lOCLQ 100.0
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(m) If g mftmr fàmixm » Anst dooë, # muffiolmmA 
1# mllc#ed to élmpm m Thnaml 
Prooipltm tor M p lo  wlthAnom firm tb# oontr# 
o f tb# éB#t #b##b#y i#  npv###nt#ti## o f tb# 
wh#l# io # t doud la  #oa##atmtâ#a mmd #im# 
d la trib a tio a .
(b ) tb# p a rtia l#  «la# d ia tribu tion  1# œaatmot
tbrougbaitt th# d a id w  a i may inotunt #o th at 
aa aeaavat# ao tiaat# o f th# chang# la  d ia trib u tio n  
du# to  a^royiag oan b# obtaia#d by eoapariag 
aoapl## tabaa bafor# and a fta r th# opruy nau  
I t  la  auppoaad th at Stok#a aadiaoatatlon la  
o ag llg lb l#  durlag th# parlod o f opraying. Tba 
a lto ra tio n  o f aia# d is trib u tio n  and ooaaaatratloa 
oaaaad by opruying w ill roador th# p rio r 
' aadimaatation oarva (F ia . 93) Inapp lio atl#  
boyoad th a t p o in t.
(a ) Tb# époplat# ra to la  tb a ir w A arioal ahmp#
irruapaetl## o f tb a ir «la# «ad rnpaur praaaur#.
K ffaot o f 11 taring  Jbmy D iraatjoa
Olaa (bT) found th a t no admatag# waa p in a d  by a lta rin g  
th# d irootloa o f opimyiag.
Thia would mppaar to b# tra #  fo r a atattoaory oloud, aa
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%h# m m  nrnlbmr mnd mim# di#tribut&om o f o f th#
M M  Im ltlm l T É lo o itj 1# olitftlnotf Irrs ip e e tiM  o f the epieyieg 
éireetlo R . Ih e a  m oloed 1# epmyed epwerde emy loee o f 
mÊppmmwîom dee to  deereeee in  dfopXet ee lo e ity , throufh  
g in o ite tie n e l Im fleenee, le  oonpeneited for hy the fe e t Ifaet 
onee the dnoylete leeeh theiv nexi—  tre je o to ry  they w ill 
then f e l l  dow erde thxoegh the doed meovlng nore de e t 
p e rtle le e .
E ffec t o f aprey m rlnhlee on Deet Seppreeilon
The M e t e e e ily  eontvelled M iihULe o f the e v iv l etonieer 
le  the etcnlelng preeeene. A eheeg# In  I t  w ill e l te r the 
three ne&n ehereeterletio e o f the ip rey , vie i
(e ) liq u id  thm M hpnt 
(h ) eeerege droplet d ee
(o ) dmphe t w dooity
iK rii o f theee bee en e ffe o t on the enonnt o f duet eqppreeeed 
by the epw y.
Aooordiag to M l  (125) the e ffie len o y  /k) o f m en ter 
droplet in  renoeint duet Aron enepenelon in  m ir le  g iM n by
/yy ■ h ^ ^ *
where D ie e prejeoted dloMter of the droplet end h ie the 
lim itin g  dleneter of the etreemllnee within whleh e l l  pertidee 
will eoU ide w ith  end be ceptured by the droplet. Thie ie down
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d lflfg H M tio a lly  in  F ig . 2lu
M l  ten ml no nhcnm t te t  the above e ffie ien q y ie  e fenetioe  
o f the group
"V r
xo
d tere  m «  amee o f p e rtie le  #  p ^  ^
p m p e rtie le  deneity 
d m p e rtie le  diameter
Vy m re le tio e  n e lo e i^  ( in  the name e tie ig h t lim e) o f 
droplet and p a rtia le
X ■ fo r e a rtid le e  «ith im  the Stobee Lam range
JJLm gee rie e o e ity
"” B - à  f Z E
A D
Frem 9 b ll*e  ealen latiena i t  would appear tte t  a r*la tlo n #h j^  
e f the type
7
A D
mhere k and p ere oonetamte the la tte r  being leee t te t  1 .0 .
Tkte in  a duet enppreeeion te e t e f the type oarried  out 
in  the duet ehamber the to ta l namber o f duet ja rtle le a  kmoeked 
damn daring the apray rum m ill be dependent em #
(a ) the e ffie ieao y
(h ) the number oomoantraticn o f da e t partelee
FIGURE 24
LIM ITING
s t r e a m l i n e s .
ENVELOPE OF
ZONE OF CONTACT
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im « ft ii ^ W Ê Ê  e f # #  #mee
(e ) %he MBtüMP o f #ople%e pnAïoed per eeooetf
(ererege A o p le t mlme)^
(ë ) %he d! m%eeee geee %y e ë ie p le t le  peeving througli
tbe duet cdoeë •  esraiieg  ü ie i e # *p le t ee lleo te  mmwj ëaet
pertidee
(e ) the time of aofepimg
( f  ) the eoee eegle •  einee th ie  w ill ooeteol the
ëiepereloe o f the d o p le te  im m ir.
Ihe re te  o f ëeet euppreeeiem dow lë be iwlmleë to the ether emrimblee 
im the fhllovim g wmy
m&m m ( mo - m ) V l^ c<*
where mo ■ im ltlm l ëeet oomoemtrekloa (p e rtle le e  per eehie 
eemtlmetre)
m m ëeet oomoentietiom e t time# t  
f  m wmter throwglgnit (o .e . per eeoonë)
0 ■ ewerege droplet eime ( em. )
X* m lemgth e f droplet path ( cm. ) 
o^fli eeme emdle 
mmd lA# p# t  mmd e ere eemetmmte.
Zn ooamerimg epreye# therefore# where m il other %mrimhlee 
ere k#pt etemdr the effloiem oy o f deet emppreeeiem ehetld be 
proportiemml to the re letiw e ro lo o ity  between deet p e rtla le
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mmd droplmt mmd %h# mqmmr# e f the meermge deet pm rtiole eime 
med very Imvereely w ith  %he mwerege droplet eime e f the #pmy. ^
E ffeot o f Ataeieimg Proeeore on Ihiet Smpreeeiom \
%wmy mme o f 1 mimmte desmtiom wero eerrled  out w ith  
memmle A mt eerloue preeeurwe# the deet oloude being fbnw d me 
before# Ibb le tO ehowe thmt im emoh omee the emommt o f deet 
eeopreeeed i meremeee w ith  ineremee in  mtomieimg preeeure# the 
■memnt. M oked  deem being imdepemdent o f the type of deet.
Im mm mttempt te  etmXmete the e ffb e t e f emoh o f the 
three dependent emrimblee memti mmed em rlier m eeriee o f teete  
wme mmderteken im whioh two e f the three were in  tiirm kept 
oometmmt. om ememinetion o f t e  dmtm obtained im Seotiom 1 
fb r thromghpnte mmd mwermge droplet eime# three mommlee were 
oheemm whioh aliened e ith e r the dkoplet d ee o r the ed ioo ity  
to  be w ie d  w hile the other fhetore reeel med mndhamged#
The throughput oemld be kept oemetmmt by mdjuetlmg the time 
of epreying. Tehlee &  mad M  eboei the pertioelm r eprey 
comdltione meoeeemry.
E fe e t e f A ltering  Sprny Threudheet
Thie wme de%ereimed fo r emeh duet meimg aoemle A end 
eprefimg mt 60 lb ./im 3  fe r  try in g  periede# Thoee ehoeem 
were 30 eeoomde# 1 mime te# 7 mimmtee# f eiantee mmd 
10 mine tee . Thblee 23, 2k mmd 7$ ohow t e  pereemtege
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redootien in  dost œneentmtiom obtained im each eaee.
Aa i#  predieted from the d iffb re n tia l equatioae derited  
in  Page 80 the im te e f knoohdeen deereaeea w ith time# te e n  
in  F ig . 2$. The redeot&en obtained w ith  a given weleme 
o f water appear# ta w iiy  l i t t l e  w ith the type o f à ie t in  
eqapeaaion#eltghtly poorer reebXte bdng obtained fb r f ly  mah 
d ie t then fb r the e here.
if t e r  10 minntee apreyieg the reeelning daet ie  fbwnd te  
be 98 per aent 2 .9  eAerone and w irta e lly  naamttehle ehleee 
very high eonteet vb leo itiee  ana nmloyed. Thee 100 per aent 
raeoval a t 60 lb ./in !  webld never be aehieved. 90 per cent 
o f the dnet blond ie  renoved in  1 nine ta .
Glen (L7) bee oonpared the pareentage nadaetien in  
eonoentratien ( p artib le e  per eehie eentim etre ) w ith  the 
r adneUon in  eerfbee area o f the game daet obtained by a lig h t 
entinotlen method and ahcered the parpentage reéiotAon in  
eerfbee area to esneed th a t in  wnnber oaneentratlon. Thie 
webld ind ieate  th a t the la rg e r p artie lea  and arîgregatee were 
p re fe re n tia lly  ream red.
An eetinate o f the e ffie ien o ÿ  o f rénovai wee obtained by 
dividing the nanbar  of daet p ertle le e  r anaved by the mnbber 
o f apray te p le tg  o f average droplet aiae. ih ie  e ffie ie n a y  
waa t amed the baffeativeneee" naaeared in  p a rtie le a  per droplet
Goal Daa% a a t i i
Iffa o t o f Thpoaalgmt A v w ta  DTOplat %a# h6 IHorona
Damtloa#f%fbariag
Praaaovn
ib./W aaaliaatpn A dM btM l
Before ktimrSptm]/Um
30 aeaa. do fkSO 5980 36.7
1 m ln. do U380 SlTO Sb.5
f  nlma. do rifio ADO 67.7
5 wAmmrn do IftO 19* 76.0
10 mime. do 9700 1700 88.b
S illo a  Dbai 
X ffb at o f Tirpuchpnl
iwa. A
30 aaoa# do 8080 5A0 30.1
1 n ia . do 9175 bobo 56.0
t  mima. do 9900 1680 71.9
f  nima. do 8800 18)8 70.0
10 miaa. do 'm o 680 n.b
P ly  Abb 
K flb at o f TlSSSÊigBÊ
t f
JO aaoa. do TOTS be* 31.0
1 n ia . do 7190 b8lO ».s
2 n ine. do 8900 bffTO 58.0
f  m iaa. do 7300 8060 71.1
'10 niBo. do n o t 736 90.8
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mmé fr a i
A # .# .# .# . « yrnlm e f ghmWber %pl. o f #v#mg# ëPo#l#%
%hrougbp#t (o.o./m tm . ) A iratlon o f
tÊlumm f ir a i  Im Tmklem ZI «Ml 2Z ##re aaod Im Üi# om loolstloiio. 
Th# mi#b#r o f é is t ;;#r%lol## «a# la  emoh orne# omlomlmteë hmek 
t# m oonatmat la itlm l daet oloud o f 7*000 p e rtle le e  per eehie 
oeetlM ftre •
Theee tehlee (26*27*28) ohcer eleo thmt the W feetiveeeee^  
deoremeee rep id ly  w ith deretioe of «preyleg.
Iffa o t o f Droplet %##
The eprey vene were cerided out under the coudltione 
glvem le  Ihble WL and the reeu lte  Thhlee 9 f* 30 mé  31 ehowed 
thmt the mmdller %e dheplet eime* # e  g ra te r  wee the re te tio e  
ie  duet ooeeeetretiee ohtmlned ( ewer the reage iaweetigmted) 
other feotore heleg eoeetmet# 'The e ffe o t o f d rep let eime 
mppeered to be ladepeadeat o f the nature o f the deet though 
e llg h tly  poorer reeu lte were chtmieed fb r the f ly  meh elewde. 
Bxudeed under the aloreeoepe the <ly edh p ertle le e  mppeered 
mlmoet epherleml Im ehmpe whereme the p ertld lee o f e llle e  med 
ooel daet were very Irre g u la r. The reeu lte would eppeer te  
Indieate th a t empture e f the Irre g e le rly  ehmped p e rtlb le e  we# 
mere e ffle le e t them thmt o f the regular etmpee#
thlee# o f the ^ ffh o tlra *e e e " eemgured im p e rtle le e  per
Imhlm 86
Goal
Effeot of Throughput %op%#t Elgg t6  Eloroue
ngeutlom  o f 
Sjpngriag
Ie . o f % rm y 
d re p le tg
Ie . o f deet
p e rtle le eremoved
per edMe 
oentim etee
B tfe e tlie x e s e  
• t  M « .m l
(p x r tlA m  |» r  
te p la t )
30  ggog* a ^ u o ii x io ® 8f70 0.78536
1  a im . ia .h a o 9 X vfi m % 0 .5 8 3 0 6
8 Mime. 3 t .a ia 6  X i x f i 6730 0.36165
S M ine. sa o o b  X 1 0 O H 0.16236
10 Mime. lâ iu to e  X 5773 0.09823
suim m  S e tt
B ffm e t o f * 1]
1M 1•J Q
s .a o b  X 10° 2103 0 .6 6 2 8 2
1 Mim. i 6 .fa ioe X loP 3RB - 0.5268
t  Mime. 3I.B1A6 X loP 5135 0.3226
S M ine. 82.10)1 X v f i )»58 1 0.15156
10 m ine. 166.20# X loP 63W '  0.02772 1
E ffe o t o f T)
IM A # 28
a ro u ^p u t
30  eeee# #.210h X lo " a 7 i 0.66322
1 Mim. 18.6209 X 1(A 2687 0.3801
1 t  M ine. j 31«Bhl6 x  10^ 36ta 0.27823
1 5 Id as . I S ta o li X lo ” 6277 0.15172
' 10 mlmm. 1 1 6 lu l0 8  x  I f f W 6 0.02662
1«U« V
Om I  Dwt%
Memml#
•Awmge Ikoplet 
aim# Miorem#
DMAOoaomiAntlom Pm rtlnlei par oobia emmtimet##
IwoeetBge
8 # # * Mem
Before A fte r
D 39 6390 886 87
k 80 6310 1890 TO
C f6 U IQ 1855 59
aUiom omet —
D 33 10790 1890 82.5
A 80 9180 >670 70.9
0 H 11390 6986 56.2
n r  A*
Tkhla 31
D 33 8550 1552 70.2
A 80 7300 3660 52.6
0 96 10700 6660 60.0
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droplet ere glean In  Thblee 3 t* 33 end 3 L  They oontim dlet 
thoee given in  Tehlee 19* 30 end 31 vhidh eely give end 
eetlnete o f the pereemtege duet reeoved. In  Tehlee 38* 33 end 
3b the nodher o f dhoplete e tU ie ed  in  eeoh run le  being teken 
In to  eoeount end theeefere preeente e tru er p iotnre o f the 
eiteetlon# Theee tehlee 4bm th a t the en e ller droplete ere 
lee e t e ffie le n t In  o e rtld le  knookdben egreeing w ith  the 
th eeretlo el eonolaaione o f Deviee (186). The reeu lte ahoe 
th e t fb r e threefbld  Inereeee in  eweiege dpeplet alee* 33 
mierone te  96 nAorone* the e ffie le n e y  e f ee lleo tlo n  
Ineieeeed by m fh eter o f 10. I t  would Um refore mopeer th et 
en op time# velue e f droplet n ite  eeieted peeeihly >  96 elcrone.
Agein the veluee obteined fb r f ly  eeh euporeeeion were 
e lig h tly  pcorer then those obteined fo r the other duete.
E ffeot o f Droplet fb lo e lte
The ve lo e ity  e f the en ter droplete leeuing from the 
noeele wme detendLned by maeuming th et the eprey c rifle e e  
ra n  fh U " . Thie eeeunpticm ie  not v a lid  fo r a v iil 
etomieere e f the type need* hut me the eeemgitloae were applied  
to e ll  the n emlee eonpmrmtlve ve lo e itiee  were obtmlned.
The vd lo e itiee  wpleyed in  th ie  work were eh aimed by epreying 
under the oonditlone given im Thble 88.
The e ffe o t o f ve loo ity  me eeen from Thblee 39* 36 end 37
0##1 Duet
Telle 38
E ffect e f Dfoplet alee
Average _
Droplet ' 
Sieo 
ylcroea
Ee. e f ^ le jr  
□replete
2». mt 4 u i
p v tto lw  
rHBVai par 
oihlp
oaxMmair#
S tfaetlP M M P  o f 
Nm om l (p a rtle la p  par
drop)
96 16.016 X 10 U2B 1.17192
80 1.036 X 10 6907 1.11007
33 1.677 *  10^° 5963 0.10098
Y lU e  33a ille e  Deet
E ffec t e f H e e le t H ae
I
96 6.016 x 10 3937 1.16397
80 1 .0 )6  X 6965 1 .1 2 0 #
33 101.677 X 10 5773 0.090093
Teble 3h
n y  A#h
E ffec t o f Ekoelet Siee
,
96 e6.026 X 10 1707 1.U 607
SO 1 .0 )6  X 10 3603 0.77706
33 1.677 X loi^° m  . 0.072687
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le  met ee greet ee mme eepmetmd* the gelm le  emuprmeeion 
ohteinmé w ith  e ve lo e ity  imexweee o f li9*000 €m./mlm. Wimg 
only 10 pmr eemt* e llg h tly  lower egnin In  the œee o f f ly  eeh. 
fhliM e o f the ^ffem tlvem eee" ere given la  Thhlee 38* 39
mmd bo. le  before m veloo lty imezweee o f kS§000 em./mln. 
le  eeeeelmted w ith  only e e ll# it  Inereeee 1» eolleet&om  
efflolem ey.
Codblned Iffe e te  e f V e lo e itr enë Droplet ^ e e
The improvement In  enppreeeion brought ebont by ineremeing 
the thvoeghpat hme been ehown te  be lim ite d . Droplet siee end 
vd loeity pleymd m mudh more im portent p ert in  the eaweeeiom  
pnooeee ml though i t  ie  not elem ily ohoen In  Thblee 8 9 - 3 7  whioh 
bed the greater e ffe e t. I t  wee eeneldered meoeeemry to deterelne 
whieh wee more e ffn e tiv e  owp the venste im veetlgeted.
1 eeleetlon o f veluee obteined by epimying under none e f the 
eendltleme given la  Thblee ü  end 88 ie  diown in  Thblee 30* 39 
end W . The teffbetivuneee" o f removel eqpreeeed me e rtia e e  
per dtep ie  iehem me the mo e t repreem tm tlve ariterlom  and ie  
eemoered in  emeh eeee fo r e m  duet* a ilie e  d ie t mad f ly  mdh.
They ahem thmt i f  e niimy o f mverege daoplet eime 33 mierone 
ie  need in  blmee o f one o f mverege droplet alee b6 mieaene m mueh 
lower veffhetivemeee* o f removal ie  obteined deepite the fe e t 
that the droplet ve lo o ity  ie  td b le d . An iaoiemee in  droplet
Om I Oim%
EffM %  mt gM ocH y
■leAii
A verm## arople Siae lie ro M OMOOXtMU A x ra rtlo lo a
4w B7ti«
PWMMOfO
R oâw tüe
A 6@#P Aao lia o 72.8
C » » 0 5880 1550 73.6
f KAOO SBIO 1#65 68.3
3U 1M  Dm »
If fM *  o f T ll.x H ir
ffehlo 36
A 6 *5 0 10750 W o 77.2
C 59780 U930 ■39li 80.0
r 20800 11000 9210 W .9
n r  A * m io  37
Bff«a% o f «M ooM r
A 65250 9710 2520 76.1
0 59780 7680 2165 71.6
r 20800 8550 2880 66.3
ThWl#36
Oeal Omet
K ffbet # f W Lofdtr
TM odtgr
oifoAiiiu
A lM li
* 098##« M
Itto n M
■s. ef 991x9 
Om elet#
Me.af *u «  
9arM AaB  
wxoemd 
par ohkla 
eanWrnatrm
B ffeetliaxaae
o f TCxaaal 
^ arM elaa  par8r>p 3
65 00 w 6.3515 x V ? 5108 0. m 60
59780 66 6.363: X 10^ 5156 0.1039*
hsabo S3 101.677 X 10 596* 0.10098
m o o 66 6.3378 X 10’ 6781 0.18935
a U iM  aw »
E ffeo t o f W o rtla r
65*50 66 6.3515 X 10 5606 0 .0 3 5 3
59780 66 6.363* x io ’ 5595 0 .8 0 3 7
63*60 33 1.677 x lo i“ * 5773 0.09807
m o o 66 6,3378 X lo ’ 5596 0 .8 0 5 *
B l * #
* M a  ho
65*50 66 6.3515 X 10^ 9 5 5  _ 0.80688
59780 66 6.363* X 10^ 5 0 1 0.198*3
63*60 33 1.1,77 x lo “ h fU 0.07869
lOOO 66 6.3378 X 10* 666* 0.1838*
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#lee e f 13 ■tore— hme therefor# m emdi greater e ffe e t em 
eeppreegls* them m vh loo ity iaoraeee o f 10*000 om /^mlm.
The emppreeeiem pimoeee ie  dieemfov# more eeoeltlee te  eee ll 
ohemgee im droplet eiee emd i t  mag meAl be th at the eptiwen 
droplet alee ie  theref ore mot emeh greater diem 100 mieammek 
Peeeibly m w eleeity imoremee e f 10*000 em./mim. om 
10*000 em./mim. ie  mot eigeifiom at mmd i t  eoeld im fe e t 
require te  be e f die order o f 10*000 tlmee 10*000 ou/m im . te  
piodeee m merhed e ffe e t. Oeeever * mt th ie  veloeitg9 ( i .e .  
k X loP rnÊm/wâMm )the e ffb o t eoeld met alad ly be dee te droplet 
veloeitar bet be eompeeed o f veleoitgr inereeee end teetmlemee* 
dw le tte r  having by fa r the greatest e ffa e t In  triag in g  ebomt 
eeXlleiem .
Pnreemtere end hetnre o f Flan Pat teem
The tvOmtlve vb lo e ity  w , te t neem deat p a rtia le  end dreplnt 
ie  iepoeeible te naeeere meemimtbly mad dine ve lo e ity  fhnetieme 
have been meed by vmgf eoittere.
eteivmemd (117) employed the dimeneiodleee group
^  ee a baade paimmeter 
where d #  p a rtia le  diameter
g ■ g im vitatlenel eenetnmt
V m ve leo ity  e f deet p # tie le  rd le tiv e  to dbroplet 
f  m the fre e  fe llin g  speed e f the p e rtid e
87.
He d le ie e i th e t the ■eKta—i e ffio ie n q r fo r the r a l le r  d ie t 
p ertlo lee  oecmrreA w ith  droplet alee# o f thowt OOO mAeroae end 
th e t the e ffie ie o e y  m ried  l i t t l e  over the reage o f drop 
eieee from 500 te  1000 mierone emeept fo r the very flm eet d ie t 
p ertle lee#
Aeeemlmg the droplet veloo ity to be th et o f the flow etreem 
e t 60 lh . / ia l  preeeure end duet p ertle lee  o f diemeter 0.S  end 
fO mieroae to  be kmoeked down by droplete o f 10 end loo miorone 
diemeter* vhlnee o f th ie  peimmeter were oeleelm ted end ere 
givem im Thhle h i.
Zhviee (lié) employed m Weo- ee lled" pm rtiole pmremeter (P) 
whioh ie  im vereely proport&ooel to the droplet diemeter* 
pm rtidlee e f m givem eiee heving m eneller velne o f P re la tiv e  
to  the la rg e r d rop lete . He found ieplngememt e ffie ien p y  te  
deer eeee w ith  P end th ie  e ffe e t to  o n te trlp  r a  inereeee im 
droplet tevninel vn loeity* whieh ie  very d lig h t fo r droplete 
greate r  them D m kPOO mierone* ee thmt mheve em optlamm velne 
inulmgement npon large droplete e e tn e lly  deoreeeed me drop eiee 
imereeeed# Im la te r  work he odUehoreted w ith  Peete (116) 
end they need m e im ilar eepreeeien.  tkleee o f th ie  pmremeter 
are eleo given in  tab le  lil#
, A p e ra e te r ehown below* mgein propertiomml to the droplet 
diemeter* wee adopted by Pbmdh end Heme ( l i t ) *  Ihylimp (130)* 
mmd ta n p e iir ( U l)  in  th e ir eeleelatione o f droplet
i
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tm je c to rle #
i . j e d ï -
I t  ie  dlmemeieeleee w ith
▼ «  the flu id  vn loeity re la tiv e  to the ephere a t larg e  
dieteeoee Arom the aphere 
^  m the eheelute vieooeity o f the flu id  (m ir) 
p m the deoeity o f the flu id  (m ir) 
r  m the e ffe e tiv e  epherioel rediue o f the p a rtia le  
I  m the droplet radlue 
Chloulated veluee fb r the ooedittome eta ted ate inoloded im 
Table U #
The e ffie ie a o y  c f eelleotiom * taken fro # mtaireamd'e curve 
o f effioiem ey vereae veluee e f h ie  bmeie pmremeter* oorreapondimg 
to  the ealeu lated  veluee given im Table Id * ere o f the order 
o f 100 per eemt. Thie agreee w e ll w ith  the emperlmentel valuee 
previeualy detereined ( Thblee 13 -  bO }•
etmimmd (117)* however*  ahowed thmt the hlgheet effioiem oiee 
were ebtaimed when the value o f the pmreaaater and ooaeequently 
the p e rtie le  diameter wme e e a ll. Thie wme in  d ire e t oontraet 
to the fimdimge e f Gmviee (136) mmd a ll  eapepimemtal wwk 
reported lee dmrom thmt romovml beeomee more d iffio u lt when the 
p e rtie le  diem eter ie  3 mierone.
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fUmea o f the Dmries and Paata (IB S) parameter im Tthle Id  
are qu ite large and the flew  oondltioae therefore nay be aeeiwed 
te be teeMLeet# Daet eeppreeeion wader theee oomditione ie  
Olaiaed by them to be o f a high order. Ae the paie meter fb r  
a 100 mioioa d reyiet ie  much greater then th a t fb r a 10 mlerom 
droplet (Table Id ) the eeppvweeioe any be oomat derod more 
e ffie ie m t the la rg e r the d a p l#  d ee up to a t lee  a t loo nlerome#
Thie apde agiwee wi%  e#erimemtdL reeel te#
To be oaptared and eerried  down, d ll p artib lee  an e t paee 
la te  the lim itla g  diameter o f the droplet ( eee F ig . 2h .) Taylor 
(130) and T aegmelr (131) have shown th a t there ie  a lim itia g  
valwe o f the pemweter below d iio h  a l l  ia fia lte e ia e l p artio le e  
are w holly deflected xeemd a fin ite  bbetadle. Thie o r itio a l 
valwe dopemde on the shape e f the obetable i .e .  the flow pattern  
round it *  and fb r Wie p o ten tia l flam aeaamed te  hold in  the 
espmrimemte eerried  out* dieeueeed in  la te r  peregfephe* ie  about 
10"^. For the above oemditien s the oaleelmted parameter
valuee are high ( Table Id . ) and t here fore e ffie le n e y  o f removel* 
ae ie  the eaee* ehoud h i lig jii.
The re eu lte  given in  Tahlee 13 -  Id) ahem th a t the daffbetiuameesv 
ie  reaermably large ooefindag theee theoretieal eoncftueiene.
The flow pattern  of a dheplet arprooahing a p a rtld le  
im eaepensien ie  A  own im F ig . flu  fhem a droplet laden flu id
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implmge# om m bodf th# flu id  (m ir) w ill be defleoted round the 
bo4tr wheeeee the droplet beeenee o f it#  g iueter In e rtia  w ill 
Impinge upon it#  The inorWLm w ill o f oowree ineremee w ith  
the eiee o f the dhoplet#
The netere o f the flow  peet iSbm daet p e rtie le  w ill therefore  
emeroiee e oomeidemble influence om the pethe taken by the 
dkuplete# them Raynolde Wueher ie  anell the etreemlimee w ill 
epwead outmerde to paee xwund the p a rtld le  very gradbally.
Chviee and Peete (110} im th e ir ealeulatlone o f tra je o to rie e  
found th at a t the value e f 0 .1  (vieooue flew ) there ie  a 3 
per eemt dtetyghemae ae fa r  ae 100 diemetere upatream* whereae 
the e ffe e t e f the obetaele (daet partA dle) in  hardly apparent 
1 diemetere eeey im p o ten tia l flow# Even under turbulent 
oomditione the fleer on the upetreem aide o f the obetaele should 
epproaeh p o ten tia l flew .
Im the duet ohsdber the droplete have im itla lly  a ve lo e ity  
euoh th at Egymolde MUhber  ie  about 1000 ( i .e .  p o ten tia l flow  
region )* and a ftw r the f lr e t  wave o f droplete bee paeeed 
in to  the doudptvebttloDoe w ill be eet up and ie  maintained 
u n til epimying oeaeee#
The K inetiee o f Daet hagpreeeiem
When a dnet eload im euepenelon ie  sprayed we might oonaddar 
the oomtaet of a droplet and p a rtia le  to  be e im ila r to  a chsmioal
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remotion* vim i
1 pm rtiele ^ X te p lo t ■ kaockdoen 
Depending* however* on the oondi tione* the leXmtive eieee* 
re la tiv e  ve lo e ity  e tc .* one <krop^#i wey knock down two or more 
p ertle le e  end the eqeetlon fo r the " reeotien ■ wonld then
n p artio lee  ♦ X droplet ■ knockdnen 
Again* depending on the droplet eiee* wore thee one «hroplet 
m y he reqe ir ed tp kno<di down one dnet p a rtld le . I f  aooount 
ie  taken o f the number e f weleonlee e f the reaetente Involved 
an * order o f reeetion * way he detem laed fo r the proeese.
The * reaetlen •  wey eleo he ooosidered  ^ irre v e re lh le ** the 
duet p artic le e  knocked down being rweeved trm the reaetlen  
area and the ra te  o f reaotion way he eepreeeed ae the ra te  o f 
dieappeeramee e f daet. Thie ra te  o f daet rénovai hae alrsaity  
been re la ted  to the varlablee in  the aye tew by the d iffé re n tie l 
equation given on Page 80.
Ch w loel reaotione are eXaeelfied in to  f ir e t*  eeeond* 
th ird  and higher ordere according to the number c f nolectlee  
which appear to enter in to  the reaotion* ae determined by the 
ralatlonehip  eglatlng between the ra te  and the reaete n t 
ocnoemtiatiene. The eupfsrewelon proeeee ie  u n like ly  tp  
fo llow  a f lr e t  order reeetion ae we can ooaeider a t le a e t tec
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om éa^ m rtié lm  mmé om to be In eo lieë
la  the pvooeee* The remotlom muet therefore œnfbrm ts m 
eeeend o r h l^ e r  or ëe r.
Mmtheemtieml imte eqmtlome fh r emvioue orëere hmee beem 
ëevelepeë. There ere  eeierm l méthode o f detenelmimg the créer 
o f m remotion het the fblltm lm # too emmt&omeé by Mem (132) 
mmemeéte be moet lem élly  epplieohle im th le  eerk# The f ir e t  
erne to determine %e peedeote odT the lemetloB» or duet 
eomeemtrmtlam free  time to time end eebetitnte the emluee Im 
Ihe eeriooe order equetlome*
The eeeomd erne to detenrtme the time required fe r m fieetlom  
o f the remetiem to he eonpletmd, emy emm-helf e f I t *
Me theme tie e l tremtmemt Aoeed thmt the tim e tier hmlf ohmmte fo r 
lemetleme e f d iffé re n t ordere wee im eereelj pr eport i emel te  
the oomoemttmtiom releed to the pomer e f the order mimue erne.
Thae t ie  time fo r h e lf ohee#e la  ladependeet o f oenoemtmtlo#^ 
fo r m unimolmoulmr remetion; v h ile t i t  1# imeereely pm portioiim l 
to  the aomoemtemtiom fe r m himoleotlmr remetlon# end im eereely 
proportiem el to the equmre e f the oomeemtmtiom fe r  m term oleeuler 
remotlom. Thoe# i f  the tinea mt vhleh the remotiom le  h e lf 
oompleted, ^  mad t§  ere deteemimed fo r reepeotire in ltsm l 
oomeemtmtieme e f ^  end ep, the eqemtiom oonmeotiaf them le
a la  ttaa ar4«p.
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Thi« b d n i e# rmUnoml o f th# ■ ■ a iu rti
A fto r mmr povioA # f vpra/iag «ho^d, #h## p lo tted  m # lee t the time 
of epwylmd, 11# om m e tie lg h t llmm.
The ordMp me# t r i f le d  end A m  Atmn to held fo r ooel duet 
eed illlo e  4#et e t 60 lh#/lm é by p lo ttin g  the m ine# obtelned 
fo r the e ffe o t o f eprey thR^ng^pet en the deet dtomde dheen in  
1^1## %)# end 2S« The vdleee fo r the e ille e  deet dLoed 
eve dicmRi p lo tted  in  F ig . %7.
T  ^ deiemlme the e ffe o t o f etomielag preeeure on #»e order 
o f reeetion ip re j mme «ere onrrled eet on eeel deet oloode 
ueim  noeele à e t 30 Ih ./in F  The m leee ohteined e fte r  d iflh re n t 
période o f mpreylng ere te hel eted M cer eeleeleted to  e eonetent 
In it in l A&et A eed e f 6*720 p ertio lee  per e%Aio eemtinetm#
Thhle k3
Ooel Deet
Oonetent ieeeego D ieplet ülee
Onretien e f Ddet deed  oonoententien efter epreying
Meelpreeel o f ooneentretien
n o “®
0 8720 l# lk 7
30 eeoe. 7100 l.f#08
1 nin. TObD l.h # 0
2 Mine. Scao U996
f nine. kooo 2.500
I G U  R E -2  7.
ST CQMt^rC A L  OF 01
E j o m ^P R W ljg
r
S IU IQ /. WATER
 ^ t
T.l M E
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A p lo t # f th# r##ip#p#ml o f tho dust cftcmd ommoomtmtlom 
Agaimot U m  of ■pfttariai ## lm  mhowW that the pfooeae 
oonfbmed te  a eeeomd ord*p remotlom. Ammlegeoe reeel te  
hmee teem ehtalmed fo r a l l  the daete mmüloyed (ooel A&et, 
e ille e  deet and f ly  adh )#
I t  «oald therefore appear that oa a iera#e oae droplet 
haooke deem oae deet p e rtiA e . Yhlevem ld aopear to oenflrm  
the veleee obtalmed fe r the * effeetieeneee* gieea la  Thhlee23 -4 0 .
Ih lB  of fere  a neaae of Im dlreotly deterelalng the w ater 
repaired te redeee the deet oemoea tra tle a  to a ear te la  le^m l.
I f  i t  were reqaired te reduee the ooeoemteetloa of elvhorae 
el Ile a  deet ty  w ater epreye to 10 p a rti A  ee per oehio eeatlm etre 
the eqeetioa e f the a tre lg h t lim e la  f ig . 27 aaa he eeed to  
detendae the time o f eprayimg reqaired. Thklag the emree 
ebova la  f ig . 27 A iloh le  y  ■ 2.67 a l o " \  ^ 1 .2  a IcH * %he 
reqaired ta lee  e f a wodld he ohtalaed hy edbetltatiag  the appropriate 
eelee o f y  ^ the reeipreoel o f the daet oeaeeatim tioa. The 
reqaired time le  therefore 623 m laatee.
96.
mctTon k
E ffec t o f Surfeoe-dotlee Agemte on the Amount o f Duet aappm —< 
In  Section t  i t  mee found thmt mt high eprmy preeemree no 
ii^rovement In  etomiemtlon erne gmlaed by nelng liq u id e  o f low 
enrfmoe teneion. Suoh liq u id e  dhould ellm y do e t more 
e ffe o tird lj then water owing to the l^ prowed w etting ohtmlned*
To determine the e ffe o t e f eurfhoe-eotiee agente on the duet 
in  the ehamhe r, teete  were onrrled out uelng eome o f the low 
eurfeoe teneion liq u id e  prerioualy employed In  deotion 2.
Liquide were edlected to glee m range o f eonpoeltion and eurfeoe 
teneion eelue. The equilibrium  eurfhoe teneione deeired were 
ohteined uelng the appropriate oonoentretione from Fig# ,17 
and are ehown la  Table lb#
Spray rune were onrrled out ae before a t a preesure o f 
60 lb ./ln ^ . w ith  the m rioue liq u id e , the daretion o f epraylng 
la  eaah oaee being emaetly one minute. The reeu lte dbovn la  
Table e U5 end ^6 were ebtalned.
The *%nookdcwn* expreseed me percentage reduation In  duet 
eoneentietien ehowed th at moet of the eurf aoe-aotlve agents, 
Irreepeetlw e o f equllibrlm n liq u id  aurfnoe teneion, had r lr tn a lly  
the eame e ffe o t ae th at o f w ater. Celelm# chloride eolutioa  
wee much leee effeetiw e than pure water w ith  each duet. The 
highest «laeokdown* taluee were obtained uelng oyologbxane.
U luee fo r the %ffeetluemeee " o f remoeal calculated fbom
Goal Duet
WML, lilt 
Pxmtmirw 60 lb » /la ? Nornale A fo r 1 minute
Liquid a A s s#n aa /a* Slae Mioroni
Ooai 6oi _ 9 .9 ‘  i
ioan in lda 6«Poe*tae* 
.  Baéoatiaalu o ra
aprmj-
T H ühp"a^ tmj
gyoloBenane 25.3 li9.1 6550 2210 66.0
1-PB 23.5 58.3 821,0 Ui20 lû.O
Sod* lau rate (a q .) 33.0 A .7 7930 1380 l,li.7
Sod* elemte (aq *) 33.0 5U.9 rULO 3091, 58.2
leo-Amyl aloehol(aq .) 33.0 59.? 7690 3160 55.0
ie e -# lW  alcohol (aq* ) 33.0 5L.0 5660 2500 55.9
Sod* A iloride (aq *) 82.5 53.5 8000 3560 55.5
Caleiun ohlorlde(aq* ) 82.5 91.2 7680 6160 15.5
Water 1 72.5 53.0 01360 1 5170 5U.5
SUioe Daet Table h0 Preeaare 60 Ib ./in t
oialo&aamaa 25.3 16.1 5238 0585 69.8
w m 23.5 58.3 8250 20U 50.5
Sod. U n i« ta (*q .) 33.0 5k.7 5bo5 3220 kX6
Sod. «LaaSa (a q .) 33.0 5U.0 6930 U 60 37.0
la o -4 il a lo o to l(a q .) 33.0 59.2 7135 2550 6lk2
leo-O utgl aloohol(aq.) 82.5 5U.0 6660 3860 16.1
Sod. ohlorida (a q .) 82.5 53.5 8770 IdXOO 5i,.3
Galolaa eh lorlda(aq .) 82.5 50.2 9000 6070 32.5
Watar T ? .5 l 53.0 9175 1 IdUd) 56.0
F ly  A eh Fraarac* 60 lb ./la «
ojoOaBaaiaa 25.3 ' 16.1 6700 2730 59.1
E-PB 23.5 58.3 9075 b660 L8.6
Sod. OavdraSa (a q .) 33.0 5h.7 90fa0 6070 30.7
Sod. eOaata (a q .) 33.0 5b.0 8650 5700 3U.0
lao-dM>l aloohoKaq.) 33.0 59.2 91,50 3960 58.1
Igo-Sutyl aOoohoO(aq.) 33.0 51».o 7120 b080 1,2.7
Sod.ohOoFldo (a q .) 82.5 53.5 7550 1,935 3b. 6
OaOdm ohOorlda(aq. ) 82.5 51.2 9650 6825 29.b
1 Watar 72.5 ____ i3 .0 . JISQ._
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the WML nW W r o f awwmge dropleW  eprmyed In  one mlnuW end 
the anriwr o f deet p ertid lee renoeed ere gieen In  tbtolee li? , W  
end faf* th p f ahoe l i t t l e  eerietdon from the eeluet»r e n te r.
Ae eenld be enpeoted mqeeone anlolan chloride glees the laeeet 
re s u lt. Esther surprisingly oyM W xans shoes no isproeemsnt 
eeer w ater. On the other hand, the solution o f isoWLesl 
sleohel would appear  to be almost SO per eent more e ffe e tle e  
than water#
E ffe c t o f fttrfbow detiee Agents a t Im  Atomising Pressure 
The resu lts in  Ssctloa t  shewed th a t the e ffe e t o f low 
surfboe tension on seersge droplet sise was more apparent a t 
low pressures. surfaee-aetiwa agenW diould therefsre be more 
e ffe e tis e  daet auppresslte agents than water a t th is  pressure.
Tbhles $0, A  and S f indioate the sulues obtained fo r the 
psr osntage redbotlea In  dust esnoentimtion. Zn the ease o f 
ooel dust greater "bnoehdswn* is  pvowldsd by sggeNemane and 
sodium blsaW  eslutions w hile fo r the other dusW, enee^>t in  
the ease o f eydoEenane# there is  no d lsar ind ieation o f the 
rs la tiu e  m erit o f the liq u id s .
Tbbles S3, Sli and $S again shew the effeetAseness o f 
renotal o f dost a t 30 lb . / l i^  The salues sen be seen to be 
higher than those fo r 60 Ib . / la f ,  ind ieatiag  perhaps the 
adsantage e f usiag large droplets o f w ater. There is  no 
obvious ind iestion  as to which liq u id  is  the most e ffeo tlse
Coal Daet
Tbbla k7; 
npaaaoae 60 lb#/iaf Eoaale A
Llqald
Mo.of apray 
dicsdata in  X n ia .
M>. o f dttx%
p a rtld lMM .8V06 0 .0 .
SffOOtlXMOM  o f Rm o # 1 (p x rU ^ ^  pox
ag e M le aw U .7T $  .  « P W38 0.988b
l - f i 7.0358 X loP 32W 1.1575
9bd« la«m ta  (a q .) •.S S ia ix lO ^ 3133 0.9231 _
Sod. a laata (a q .) a.Bii9 % xcfi b077 1.1563
iaamimyl a lo d ia l (a q .) 6.717 xKJ® __ 3859 i-b b i9
Sso-Buigfl alaohol (a q .) 0.6b9 s lO ^ 3909 A.1086
Eod. ohlorida (a q .) 10,39 MlcP 3885 0.938b
Oaleium @ dlorlda(aq.) 9 ,6 0 t x 10^
V i to r 9.367 X 10® 1 3815 1. 08a
SUloa Duat kB
gyaloE— aa U .7 7 5  X loP tea 1.0b
E-FB 7.0358 X K3^ K 3k
Sod. laara ta  (a q .) 8.5182 X 10» 2819 _ 0.8335
Ood. o laata (a q .) 8.61i9 xlO ® ” 2897 0.7365
lao-Aayl aloDhol (a q .) 6.717 X 10® 1.6809
laa~Batyl alcohol (a q .) 8.8b f X 10® 29*3 0.83b
Sod. ohlorida (a q .) 10.39 X 10= 1 37*9 n .n 7 tt
OaloAaa ohlorida (a q .) 9.802 X 10® 1L_. 2279 fl.U C
Vatar 9.367 x lC ^  1 3918 _ i.obg7
f ly  Aah «M a* h»
e y c lo T fn if 11.775 X 108 blbS 0.8839
M E 7 .0 3 »  X 10® 3bo5 l.a b 6
Sod. la # a t#  (a q .) 8.pL8l X 10® 3223 0.65h9
Sod. olaota (a q .) B.Blt9 X 10® 2387 0.6770Im-Amfi a laoh al(aq .) 6.717 xlO ® Ü066 1.5191
iaa BaWi alcohol (a q .) 8.8b9 X 10® 2989 . . . 0.8b77 .. .
Sod. ohlorida (a q .) 10.39 X 10= 2 la i
O aldtai ohlorida (a q .) 9.802 X lo 8 20b9 0.52b6
matar ' 9.367 x io * ^ 2b87 ' 0.6663
Goal Dkiat Tbbla So Piaaaura JO lb ./ia ?
Liquid
Svfaoa
Tanaiaa
à v n ...
Dnplat DX#% COROM - # ,0 .0 .0 .itroUon :
M roo.U .0
MdaotioB
dymaa/m® h S S b ■ o fb i. apmy '
oyaloBaaaaa b9.1 TU fikno 80701112 72.277.3
9od. al#a%# (a q .) 3 Î.0 5h.0 5918 bboo 25.0
l<o*dagri aloohol(aq.) 33.0 5 9 .* 8610 laoo b3.1
Sod. ohlorida (a q .) 8S.$ 53.5 Jgoo 2120 56.8
«■tar ItéS 53.0 ' Ut90 3500 32.0
sU iaa Daat ThMa 51 Praaaara 30 lb ./im ?
arolaMmaaaa g .3  _ b9.1 8526 1518 76.7
Sod. o laata (a q .) 33.0 5h«0 8870 » 5 0 37.5
LajHlayl alaohol (a q .) 33.0 59.» 9860 6730 31.7
Sod. ohlorida (aq.) SS.3 53.5 5305 2850 b6.3
«dtar 17 t.5  • 53.0 5305 *750 b7.9
f ly  Aah 1M l .  5* P ro w iri 30 lk . / l i■?
aralahaaaaa *5 .3 W .1 9300 bU6 55.8
Sod# o laata (a q .) 33.0 5h.O 8blO 5900 30.1
Lao A arl aloobol(aq.) 33.0 59.2 9650 b*82 55.8
Bod. ohlorida (a q .) 87.5 53 5 8760 8050 8 .0
Watar - I& l J 53.0 7136 5b»5 25.0
Goal Ouat
Tbt&a S3 
Praaaara 30 lb ./lB ? Moaala A
Liquid
Mb. o f apaay 
droplata la  X mla.
No. # f 8X#1
p artla laa
rm m aad^.o.
IffM o tl'W M M  o f
80X01X1
(p o rtle lo o  pxr 
6ixp)
ayaloMaamaa i.W (k K iG ^ 50535bl8 b.2bBbb .» 5 3
#Dd. o laata (a q .) s a n ®  B 10® 1795 2.071(5
laa«Amyl alaahol (a q .) 1 .8f0h  B loP in i6 1.0906
Sod. dOorida (a q .) 1.IA 71 m 10® 3971 7.0325
Watar i .o a  B io® 1A 8_ - 1.8068
S ilic a  Daat TmWm 5K
ByalolW Ba 8.9858 B 10® 5378 1.SL66
Sod. éloata (a q .) 80.715 B l ( f 8680 3.088. _
lao^aqd aloohal (a q .) 1.850b B 10® 2289 3.015
Sod. ohlorida (aq#) 1.WL71 X 10® 3299 5.73a
Watar 18.051 X lO r Jffll b.l8bB
f ly  Aah
araqA— aa 8.9858 B 10® 3906 3.86b
Sod. o laata (a q .) 2.17X5 X 10® 8009 kblbl
lag A ayl aloohnl (a q .) 85ob B 10® 3909 5.301
Sod. ahlorida (a q .) 1.U71 B 10® 1567 2.7751
Watar 2.051 B 10® 1688 2.065b
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w ith a l l  daata.
Aaanaloiia If fa a t  o f aydloMaxmaa
aydaHaaana appaar a to glva tha graataat radaatloa la  
daat ooaoaatm tioa.
Tb lavaatlcata  fU rthar th la  proparty o f gdgKaaaaa 
I t  waa daaldad to dataamlRa tha a o la h lllty  o f tha daata la  
th la  flu id  and Ita  dlaparaiua ( a r w attlag ) pcwar.
D ataralaatian o f S o lu b ility
Tha daat uaad waa tha aama aa th a t aaployad la  A a  
aappraaalao aapar l aanta  ( f f  par o a a t<  S aiaiona ) . Taaparatura 
waa aalatalnad a t S0° la  an a ir  thaauoaAt, w ith in  wbioh a 
ahaft ro A tad  a t 30 r#p#a. IIA ^taaa Abaa o f $0 ad. oapaaity 
wara alippad A  th la  ahaft and th e  a a ta rla la  kapt la  oonAanoua 
a g lA tio a . Tha a a a a /llt« ld  raA o waa kapt acmataat a t S p u  
duat/kO d .  liq u id  during tha aatinatio aa . Gdaparatlva 
a o la h lllty  ra a n lA  (A  m ra.Aoo d . )  wara ttaa  abAimad fo r tha 
duaA A  aydaKaxMa and w atar a fta r 6 A u ra , tb houra and 
7t houra and ara givaa in  A b la  Oh
Thla g ravA atrla  method although rd a A v a ly  InaoouxaA 
ahcara th at tha ao lu b illA a a  o f tha duata A  watar and 
oyoloHaxana aaa A  taken aa aaro a fta r 3 duya oontaet. 
aoltttA n a ffa a t aa tA  alihom a dnat would A  va A  A  AaAntaaaoua 
A  a ffa a t a 4mookdown".
1HM.X 56
Time
Roiira
Goal Daat SUloa ttiat
m&taa apfoldbanuia Natar oorolaEaKaaa Watar
NIL
q^oloBaxana
6 IZL NIL m NIL MIL
A XXL NIL MIL NIL NIL wn.
72 0 .3 o.b 0.2 W 9ii 0 .2
Tmde 57
LiqulA .Sarfmoe Tm sM  gynaa/caa. L Coal Daat .SUiaa Dtat
qrolJMMi 1 ff$«3 9.k 12.5 2 .6
33.0 3.1 2.8 3.h
» • " .  L  . Æ Î _______ 2.7 3.3 ?-3
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I t  A #  o f ocmrmm A m  A cm  A  m vam l w orArv t A t  #vm  
■olnblo mam m l#  aaa A  d lf f la d t  to v a t. S a lp A ria  maid 
ml a t and aamontaa o h lo rlA  aaoalata o f A ^ tlo la a  or dboplaA 
which ara vary m l A la  one# o a llm tad  A t  can A  Asaad thmugh 
a m riaa o f gaa wmahlng A ttla a  and aam A  aa a danaa A lA  
dowd ( 1)3).
D l^ara iva Pr o pa rty o f oydogaaana
A ny warkara A  va atedlad tA  dlaparalaa a f A a ta  im 
variowa llq a lA  (13b, 115).
gqilA Praparation
Thla waa a a n rlA  out by a t ir r lA  « walgAd q a a a tlA  o f 
tha fin a  A A  A  a aaitdbla volaaa o f liq u id  ( oyalakawam. 
lao-aayl a lm A l  adw tlaa or w atar % rm oving a dAp a f 
m nataat volwma and pladng i t  aa a damn miaiamopa d llA .
T A  d iA  waa allcm A  A  dry out a f ooataat w ith  tA  a ir .
Whm dry a d aaa aovar d A  «aa plaaad ovar i t  and fimad im 
p o a itiaa . T A  mlwma o f tA  drop a f l iA id  waa kapt ooaatant 
im aad  oaaa m tA t  appradm ataly tA  aama vaight o f dad  waa 
avaoly diaoarm d im aaA  m m .
OowotlBa
Oownting waa dona uaing tA  Tiekara Pm jm tiam  Mioroampa 
w lA  a m agnifiaatiaa o f I  1180. TA  wwahar o f aingla duat 
p artlo laa  and tA  nwdbar o f aggragaAa w ith in  tA  arm  o f a
100.
#%a#dmN gm itow la war# eatUm ted. A nwabar o f g ratio u la
ara i ooanta war# mda travaralmg tha d id a  h oriaon tally  
im til a t la a a t hOO ainglo p a rc e l ## A d  baan no A d . Tha 
ra a a lA  iihcaro Im tb tla  57 ara axpraaaad aa tha aumbar o f duat 
p artlo laa  par ai;gv#<^A in  aaoh caaa# Thia glvaa am aatim aA  
o f tha aumbar a f p artlo laa  fra a ly  dlaparaad In  a flxad  araa In  
«or ana wadlwa par aggragaA fdoad tharain .
Waanlta
Tha ra aa lta  Aaa a tandanoy fo r tha duat p artlo laa  A  A  
HOf# avanly dlmparaad In  gdgNwm na than la  w atar or Ian anan 
a la o A l adntian# Tha A dlantioB  la  t A t  tA  daata ara mora 
thoroughly wattad A  ayaloHanoma. « A A  olnaa i t  la  In  tA  
aqalllhriw n a A A  w ill A va a aurfnoa tanaion valna a f T5.3 
dynai/an. laa-anyl alaohol aalutioa A a  a awpfaaa tanaion 
a f 33 dynap/oB. and watar 72.5 dyaap/an. TA  watar aa oan A 
aoan from F ig . 28a la  A t  w atting tha <tiat tA roughly A Io w Ia  
tha p a rtld a a  %o form larga aggragaAa. Thla proparty o f 
w atar, aapaoially w l A  raapaat to ooal duat, A a  long Aan kwwn. 
F ig . 26b. aAwa tA  p a rtlU a a  to A  anch acra avaAy dlaparaA  
in  ggohanam a.
Although #»a d ipparalvity  appaara to giva a raaaonatla 
anplaaatlon o f tha uniqna a b ility  o f gydjoHw ra  A  a lla y  
duata tA  ra ao lA  ara A t  oonalualva.
Ho obviouB advantaga waa gainad in any othar aaaa hy 
u a iA  aarfbow ^otiva aganta.
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mssmx s
E ffec t o f Agutottc Spwiya on tha 91## DjatwAbatlow o f Airbom a Dtata 
Tha a ffa a t o f watar and aquacma aolutiona o f aarfboa-aotlwa 
agaota on tha eoaaantratloaa o f alrbom a daat waa dealt w ith In  
Baotiona J and h# Xnlbfwmtion, boaavwr, on tha alaa d ie trlb a tlo n  
o f anah dhat oXanda before and a fta r epraylng wuat alao A  maA 
avalleMLa.
Tha A  a t aaaplaa A  Am by ThanAL F ra a lp lA A r a A  maad 
A  aatlm aA tA  A a t dloud oonoamtmtlom wara mow w tlXiaad A  
dateewlna tA  alaa d la trlA tA o n  o f tA  A  at ia aaepamaloa.
To oowatraat a atdA hla alaa d la trlA tlo m  onrwa a t la a a t bOO 
ArAAaOLaa wara aowatad and alaad. Aa no a ig a lflo a A  oonvaotloa 
oarraaA  aadatad A  A a  ohaabar tA  aawpla taAm a t tA  aemtra 
a f tA  ahawA r  waa aonaldarad A  A  rapraaenAAwa a f tA  daat 
dlood.
lA ia tio n  o f alaa O L atrlA tlan  w iA  TAe
I t  A a  already beam ohawm t A t  a fta r 90 wlamAe o f 
aggrafa tiam oonctttlana ia tA  d A t blond wara trirto a lly  oonaAA  
a A  tA  daat aomaantxwilon waa found A  a lta r  vary dlowly over 
tA  naxt fa r hanra. TA  r aprodnalb il it y  o f tA  olonda ( ooal 
A a t, a illa a  A a t a A  f ly  a A  ) A  raapaat o f oonoamtratlon and 
alaa d ia trlA tlo n  A a  dlao baan ahown ( âaotlon 3 , Tbhl#17 and 
16) A  A  good. They ware alao faund A  agree w d ll w lA  
natural airhom a ooal dnat and a n lx A  roak and ooal duat aloud
102.
•M p ls6 «flidmironmd Im r# # # o t o f A r tlb la  mné d ia triA tio m .
lh a m riaUom  o f lha alaa dIatvlbutioB  o f A a duat A itla la a  
W iA tima fo r ooal dhat waa followad uaing A a dlidaa obtminad 
in  A a  work ra la tln a  èloud oomcantratiam and Üma. Aaaulta 
ara givan im Tkbla S8 and ahcam in  hiatogfwm fo ra  im F ig . 29.
thay ahow th at A a alaa d ia tritu tio m  ml A ra  vary l i t t l a  a fta r  
tha f lr a t  90 mlmuAa, tha only ahamga batmg Im tha duat o f 
larga p arti d a  alaa whloh maArmlly tamda A  a a ttla . tha 
Awwatda ahamga im alaa d la trlA tio n  ovar A a f lr a t  90 mimuAa 
aan ba aaam in  oam'arimg Figa# 30a and 30b whidh show the ooal 
daat aloud is>aadSatdly cm formaticm, w iA  a numhar a f aj^ gragataa 
T ia ib la , and tha aama dcud 90 adamtaa la te r wham faw aggvagataa 
ara A  he aaam.
th la  vmriatiam o f alaa diotwibatlom w iA  tlwa ia  ty p ia a l.
Tha viaw th at tha la rg a r p artie la a  aa^tla out more quiakly ia  
aanported by tha fb e t th at 96 par oamt o f tha dbat p artie la a  
ara laaa than F mi aroma a fta r 8 houra. Thla a ffa a t la  aaokad 
a t tha highar daat oonaantratioma by tha aggravation o f tha 
aa a lla r o artie la a  U> foam la rg e r omaa giving l i t t l a  va ria tio n  
in  tha alaa d la trib u tio n  ourvaa over tha f lr a t  S houra.
A gragatioa io  a o erta la  dagraa earn ba aaen A  taha pSaea 
by noting tha la rg e r alaa ramgas la  f ig . 29. <m fcvwation i t  
earn ba aaam th a t q a lA  a few aggregataa ara praaaot but a fte r
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fO mlmaWe tha h iaA ivaa ia  q a lA  ocagMt ind icating  th a t vary 
l i t t l a  i fg ragntia n  ia  A king plaoa. Daring A a aaxt fa r  houra 
A a la rg a r aiaaa bagin A  appear again in d io a tli^  aoma 
aggragatian o f M i l  p artie la a  A  form larga aggragaAa.
Tha dacraaaa im A a noabar o f p a rtie la a  im auapanalcn ia  
tha ahahhar ia  thw afore daa A  tao (hoA ra i
(â ) aggragatAn o f tha M i l  p a rtA la a  A  fa m  large  
aggregataa
(h ) aadleawAtioa a f the la rg e r aggragaAa fre e  aaapanaAn.
A a t  af tha partiblaa,baiac anmandad by a layer of air^fnilad 
A  atrika tha walla af tha htm âm t daring aadlMiAtion.
Iff act af Atayiag an tha siaa Dlatrlbotton
Coal A  a t h leaA  which bad baan a lla ra d  A  a a ttla  fo r 90 
einaA a wara apm rW  fo r 1 e ie a A  w iA  watar a t 30, 60, 100 and 
ISO Ib ./in ! . awAlae e f tha A a t before a fta r anfwyiag 
wara taken fo r avaluatiae. IHa aiaa d ia trib  tiana obAiaed ara 
ahown im Thbla 59 and im h iatogiae A re  im F ig . 31#
They Aow th a t tha la rg e r daat and aggregataa were p ra f M n tA a lly  
reaoAd and th a t eora e f A a  dnat o f larga p a rtid a  aiaa,
1 e ie ra a , waa raeovai tha hl^ Mnr tha apray praaaara 
a#ilayad. Aran a t iSo Ib ./im ^ . howevar, eoat o f tha A  a t 
^ 1  eiaaan la  d laeatar raeainad im anapanaioe.
MaeaAl a f tha la rg e r A a t p a rtia lw  w ill A  A a  A  th a ir
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DUS1 CUPUO. . j AFTER LMIM. 3»R AY 
WITH WATER A T  ;
AFTER I M IN  ! SPRAY
Wl WATER A
à ,1 ,
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CLOU G AP-TER I. M IN . SPRAY _ 
. WITijl WATER AT I ÎÔ^” / IH *
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io frU J i which in c M iM c  th d r oftunoc o f coming In io  contme% 
w ith m wmt#r 4mopl#% end the fh o t thm% worn# o f the aggrmgmt## 
arc Wohmo mp in to  omollmr p a rti d o# by tha mm tarn dvoplata or 
by tha twtmlamao aouaad by tha rnprrnfm iltboagh no no o f thaaa 
fhotora aaa ba amid to ba p rw heiaaat, thay a l l  obwlomhly play  
a part#
Xneraaaa in  mpiay praaaara ml tara  tha thraa mala 
ohaiM tariatSaa o f tha #pray, t ia  i
(a ) liq u id  throughpat
(b ) awaraga # D p la t aiaa 
(a ) droplat va lao ity
Baoh o f ^ a a  baa an a ffa a t en tha amount o f daat knaakad 
doma and on tha p a rtia la  aiaa o f tha dnat rmaovad. Xa tha 
doaiga o f aa affdatiw a apray ayatam i t  ia  tharofora naoaaoary to  
kmm tha a ffa a t of aaoh on tha p a rtid a  aiaa o f tha daat raao^d* 
B ffaot o f i l  taring  apray Ihrooghput
Thaaa maa wara aarriad  out aaiag moaala A and apvaying 
Ib r  30 aaoonda» 2 minutaa and 10 miantaa w ith  watar a t 60 lb ./im ^ , 
Oadar thaaa aondltiona the avaraga dboplat aiaa waa bapt ooaatant 
a t S3 miofwaa and tha A o |d a t ve&oaity vanaiaad staa^y, tha 
only aariab la baing tha liq u id  throughput#
Tha raoo lta  obtainad fb r aoal Aurt and a llla a  d ta t ara 
givan ia  Tabla# 60 and 61 and are ehcm in  hletognua fo ra  in
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ri|s «  3 t and 33# L itlS a #hmmg# !#%#%# ebeerved im %k#
d istv lbatio iia  obtalM d om#y %h# fira b  t  mlmui## o f ip v iy iiig  W% 
a fta r 10 mlmutaa 99 par oant o f the dua% reaalmlng im anapaaaion 
la  ^ 2  adoroiMf %ha largm r dnat hmvimg mgmln baam p ra fa ra n H a lly  
ramomadi
Ftcb iheaa raaa lta  i t  appaara th a t iaoraaaa la  thfoi^faput 
alona la  anfftaiam t to glma a oartain  radaatlom In  tha duat 
o f « a ll  p a rtio la  aim#. Canal dMPiag tha ayatm  y is o ra tlo a llj, 
tha mama aoluata c f va ta r la  baiog atoalamd par ami t  o f tima in to  
tha aaaa madbar o f droplet# o f tha aama alma rang#. Em oh 
#«11 dmot a r tio la  vhloh aaoapaa Mmoakdovn* by bodng « a p t 
aaida w ill tharafora ba açain mnpt maldm by tha next va t o  o f 
droplata. Tha longer tha duration a f tha ppray period# 
hoaavar# tha g r« ta r  la  the p o s a lM llty  a f tha va ttab la  daat 
aoodng Into  aomtaat w ith  a Aroplat and being oarriad  down.
Tbara w ill alao ba aoaie « a l l  Mqaookdoam" a f tha vary amall <fe«t 
vhiah In  tha turbulent a ir  araatad w ill a a llld a  and aggragmta 
w ith other « a l l  duat p a rtie la a  ta  ba « r r la d  dbvn. In a r « «  
a f throughput a t any one praaaur a m n ohly g ir t  a lh a lta d  
lB o r« M  In  Mmaohdman* although 10 minuta# apray w ith  w ater a t 
60 Ib ./ln ^ . haa a vary noah gram ta r a ffa o t than a lias in g  tha duat 
to « t t la  n a tu ra lly  under g rav ity  fo r 8 hour#.
3 2F I G U R E
51Z B  D IS I 'R IB ü TIQ M  OF COAU D U 5T: 
. E F F E C T  OF SPRA'^ THROUGHPUT.
'  : M l 1.111 T. I
A FTtlR S O ggcisD U S T  C LO U D
WITH WATER A T€p*^/lH
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Iffa o t o f #lme
ky M l  M i IM v iii (12%, 126) M m  
%km% M W ta n iiil ia^frumm m t  omm h# mmhlevei la  g ia irily  
soraW ers tay n tillB ia g  #p*#y o f Iho #orr##% mime.
I t  «am thmrmfb ## ameemmmry %m in d e ie  the effm et o f iso p le t 
mime la  thlm lavmmtlgetlma.
Am mhoaa la  Seetioa J , the reémotioa la  d e t ooaoeatiatloa 
«a# grmater the mamller the iro p le t mime. Bow eier, the 
la rg e r the iro p le t elme o^pleyei the b e tte r «am the e ffe c tif 
amaeurei la  p a rtü le #  per iro p le t*
ThUe 62 mai Pig* 3b mho* the m laee obtaSaei fo r the 
mime ü etrlb u tlm a  e f coal iim t doaim  before ami a fte r  mprmy 
rame aaimr the œ a iltle a e  g lrea la  IhbLe 21, the thro%#mhpat 
ami m deeitp  being eonetant* Fiaa them i t  e o a li mppear th a t 
the eeareeet # ra y  ( a«mra#m iro p le t mime 96 aieroaa ) raamaei 
m llghtly oMMPe o f the mamller ia e t p a rti d e e  la  the o le a i thaa 
the fin e r aoraye* B^ea amine thlm ooarme apray meat o f the 
im a t<  1 aieroa la  mime a tm  ream laei la  amapenalon* tbeae 
re a d  ta  « o d i la d o n te  th a t an optiama dhoplet elme greater 
thaa 26 alcroaa eel eta fo r theme iaa te  «hloh m odi rmamae 
Bore o f the imagereaa elme « Ith o at a lte rin g  the ire p le t 
v d o e lty  o r the throiiglput*
Here again the reim etioa ob ta iaei la  mneh greater than
i l
w;
l ' f  is
s  4   <
IIï
'Oe
W
i
s s'
;
y
; ;  i 3il
ce
»v O
i o
ce#
cej
0
1
R
IS c\
d
I
R
o  CD
y j
o
d
u\
d
I
S î U
#H
Si
%o
r3I
ce
CDtS
o
ce
m M
ce
O
0  
ce
1O
ceJ
u\
ce
#
O#
OtS
o
1 m#
ci
q  o  JI
v \
ce
Io#m
CK
d
0\A
1
J
\A
w
F K D U R E  3 4
U I S T R I B M ION OF COAL UUb
EFFECT O F A V E R A C E: DRC P L E T  SIZE
AF^tERoust
O S ^rK H L W O N
C l^ J D
4 o
i .
A P t E R  f lP R A Y  O Fd :u € t  CLOü D40 A P S .321 W ZkOu
20
< »
diametcf: microns
107.
th st to t u n te  M t iin l evmr t  long p«rloé«
Effmot of qpeplet W lo q i^
Xasiilta ebtmlmeë by ■pnying oo#l 4ast clouds w ith  droplsta 
o f d iffe re n t rd o e ltle #  under the condition# given in  fhblo 22 
mr# in  hlctogTuai form in  F ig . 3$ end tnbulntnd in  tmhle 63.
From the hietpgwm# i t  i t  not obviou# whet e ffe e t inoreeee 
in  drc^let veOLeolty he# on the eiee d is trib u tio n  o f the olouds.
This egress w th the e ffe o t o f dFoplet veloo lty on oloud eonoentretion 
reported In  Section 3 . This leek o f d ifferenee eny  ^ ms hes 
been said before, be <hie to the mrvm range o f ve loo lty  
inw estigeted. I f  the droplet veloo ity is  ineraesed s u ffie ie n tly  
cone Inpraraeent ehoul d be obteined tho^h s ir  movement would 
inevitm bly pudh melds some emell pm rtieles.
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3KCTI01 6
Kff>»ot of Agpf lme#-*etlv# Ag#m%m on the sim# Dl0#lbutlon of 
Aifbom# Duat#
Z t wm« Aovn in  ^eotloo 2 tte t mt liig h  apny pre*#wf## 
the ttee o f equeoue eelntlo iie o f leer eerfM e ienelon re tu lte tf ' )
In  no l«q^ve#ent in  liq n id  etomlemtlon. The *teo o k ilm ” 
o f dtieh n eln t eneh eolaiione me mhoem in  Seoiion li wee eln llm r 
to  th e t obimineë nnlm;; we te e . A t low preeenree wheee
the e ffe e t o f enrfnee tenaien on mtegege droplet eiee nee mure 
m pmrent there wee no IndAentlon me to whiob liq u id  wme the moet 
e ffe e tin e .
Althongh the nee o f edn tio ne o f low enrfmoe tenelon bed 
l i t t l e  e ffe e t on the mmwnnt o f dKtet ennpreeeed th e ir e ffe e t on 
the Nine d le trib u tio n  o f the mifhome doete nee o f greet 
In te rn e t. One o f theee mqneouo eolntione m ight, beeenee o f 
eome property* be more effeeti%m in  removing the m ueller, moet 
dhngeroue eiee fim etion . 
g ffe e t o f Aeweoae Solntiene o f Low «erfnoe Tenelon mt High
Preeenree
dime mnmlyeee were cmrried ont on the elide# obteined fo r 
the inveetigm tion o f the e ffe e t o f epxejing •low enrfhoe tenelon 
eoltttlone, eodinm eiee te , leo^betgl mloohol end on oeml
dnet end eiliom  deet.
IKe reeh lte  ineluding thoee Ib r we te r eprmye ere g iten  in
109.
Thblee 6k end 65 end ehcm in  F i g 36 and 37. I t  onn be eeen 
th a t no Inpvevaeent ever w ater le  to be eohieved by employing 
eu oh eolutione a t ^ 5  a preeaure# Of theee eqeeeue eolutiene 
leo -b ttty l eloohol le  the le e e t e ffe e tiv e  in  reepeot o f eoel 
duet.
E ffec t o f Aqoeoue doletione o f Low aurfbee Tenelon e t Lor 
Preeenre
S llie e  dnet eloude were epieyed w ith  an eqneona ed u tlo n  
o f eod&mm o leete end w ater fo r 1 minute a t 30 lb ./in ^ «  end the 
raeu lte ere oompered im Ih h le  66 end F ig . 38 w ith  thoee fo r 
eodlnm o leete a t 60 Ib ./in ^ #
I t  earn be eeen th at reduotion o f the epray ireaeare ftom 
60 to 30 I t / i n * . * giving an inoreeee in  average droplet eiae from 
$3 to  78 mlerone end a reduction in  droplet ve lo o ity , hae nade 
l i t t l e  d if ferenee te  the eiee d le trib u tie a  o f the deet remaining. 
Aqneoue a e iiia  o leate he# already been dicnm* teotlon h , to  give 
the game red ietion  in  coneentm tion a t 60 end 30 lb ./ ia  .  I t  
would appear th a t the oombined e ffe e te  o f inoraaee in  droplet 
eiee* decreeee im droplet ve le e lty  and in  ^lume o f eelutiont
epmyed balenoed o ut. Ih ie  wan alee ehown in  tab le 59 end F ig .
31 to be the oeee fo r ocel duet eprered w ith w ater. durfaoe 
temeien had them mo notloeeble e ffe e t.
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DIAMETER MICRONS
no#
Effmot o f gggLoM«%mn« Jprayi on Oeal Puit
The ftB D M lo e e  e ffe e t o f oardLeHexene on rédaction In  duet 
o o n e e n tre t io n  hae been  dlaoueeed i n  s e e t io n  h. Table 67 
g iv e a  th e  a le e  die trib u  tion  e o f c o a l duet o lo u d e  before and 
a fte r epraying w ith  eyoloBexene a t 60 and 30 I b . / i n ?  They 
a r e  a le o  ehcm in  hietogrem form in  M g . 39m
They demenetxmte th at eyaloHeanne enable e mere duet in  
the in te m edi ate range 1 2#5 mlorone to be rmeeeed#
Reduetion o f the apray preeeure haa no appar ent  e ffe e t on the 
eiae o f the duet remowed.
The photographe ehcem in  Jeotlon $ were obtained from a 
repreeentatiwB portion o f the e lid e  projeeted onto the aoreen 
o f the Tlokere Prejeotlon Meroeeope.
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JAWTHinn
The Oemlgm o f mm Alrbom# Du#% S i^ Ia r  
leifoëeotlom
n tie  eeotioB o f the work wee begun w ith the object o f 
^eigniB g e bulk member fo r airborne ooal dhet. Memy 
Inetnmemte eel a t, moet o f which enable a anap aawple^ 
auitab le oely fo r wieroaeopie e m ln a tlo n , to be taken.
Tor Chemical analyala a much la rg e r aample(ea 5 cn.) obtained 
by a long e rio d  aampler would be required.
DUai douda
The duat doud concentra tion a t the coal face la  
extram aly variab le . Zn ro a *fy a  immediately Owtby tha 
working fbeep where the a ir  w aloeity la  muc^  lo a e r, the 
concentration la  much more unifena. Theaa w aloeltlee are aueh 
th a t p artlo lea  > 1  micron In  alee nay be carried  along fo r 
quite a dlatanoe.
Hoaewcr, the Inddemoe o f dlaaaae 1  ^ blgheat among face 
workara# indicating th a t the In ju riou a duat la  breathed m ainly 
a t the working face.
In  p rac tice , tha fbetcra idiicb influence tha amount of 
duat produeed era t
(a ) the nature o f the coal worked
(b ) whether worked by hand, cu tter or pneumatic p id
(c ) d a e , type a n d  c o n d it io n  o f  CDnwayora uaed
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(é ) iBtanaltgr of mlntn# opt ra tio n  «uoh aa ra te  o f loadlag  
ooal and ppaad o f working oonaapora 
(a ) changea In  eeûLoeity and quantity o f a ir  e lro n la tin g .
Althon h nany of thaae factora nay vary thioughont a 
a h lft i t  la  found th at fa ir ly  long perlcda ooeur when (a ) , (h ) 
and (e ) are alncat onatam t and th a t m rla tlo n a  in  the reao lting  
daat concentration ara o f a anO l ordar (136). 
m apling hethoda
Of the aanoling nethoda which haee teen devieed noet are 
e ith a r inaccurate, coeplleated or inapplioahle to underground 
eottdS tiona.
For uae In  nlnea, the eanpling appamtua ahould be ro b n a t,# i^ le  
lig h t in  weight and capable o f running unattended fo r long 
perioda. The ca llectio n  o f the aanpla aheuld involve 
no éldberete techniqae.
The d ue e f aanple reqnlrad Indlcatad th at a q u an tita tive  
ra ther than a q u a lita tiv e  nathed ahould be anployed. Thua the 
duat doud waa paaaed through a an ltad e  f i l t e r  which removed 
the duat, allow ing the dean a ir  to paae on. k aouree e f 
auatioa waa required. Thia type e f aanpler haa been need by 
aeveral worhara (136, 137)#
The aoKhlet th ih b le  type o f f i l t e r  waa need aa i t  appeared 
to  be very aatiafh o tn ry .
U3.
yiaetor» â ffe e tia g
Fiom Imveatâgmtiom# oarrled oui by previouc worker# i t  he# 
been ehcwn th at a true eemd# o f mirbeme A: et een be obteined tf  
the emplime v e lo e ity  ie  the mmm a# th a t o f the a ir  atrena in  the 
iwedaay. Thia baa been oenfim ed by lavaatiaato re bare (136,138) 
and in  the United statea ( 13#).
I f  the amnpline w aloelty la  greater thaa the a ir  gpeed the 
flow lin e #  gather tegether in te  the o rlfle e  and heavier p artlo lea  
tend to ahoet a tra ig h t on^eaoaping en lle e tio n , enleaa they ha ppen 
te  be in  d ire c t 11 e  w ith the o rifie e #
However, i f  the aewpling ve le e lty  la  leaa than the a ir  apeed 
the atreen lin e #  enaend in to  tha o rific e  w ith  tha ria k  o f ee lleo tin g  
too nany la ig e  p artic lee# Fbr accurate aenpling, o rifie e a  
fbeiag epatraan aheeld have a ar«erp l eading edpe and Wheeld aanple 
a t v d o e itle a  aa eleae aa peadlble to th a t o f the air^etream .
Thia la  ca lled  " lao kin etic  angpling f
Oaiag a ahn rp edged tube feeing upatiean the fbllow ing  
formula w ill gibe an eatiaate  o f the aempllng e rro r due te  
depar t ure fFen iaak in e tic  eonditieaa.
Og/Oa m Tg/Fg «  I  ( Tjg/Tg •  1 )/(P  4. &)
Og/Qg la  the ra tio  e f tha eonean tratien  e f daat in  the aanple te  
the airborne daat coneentration.
I,
1
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% /V# 1# the ra tio  o f %# a ir  ipaa i to ttaa m apling #pa@4.
P la  the p a rtia l#  paeeeeiar, a aaaeora o f tha e ffa a tla e  
eiaa o f the p artid lea*
4 ■ p a r ild s  41mma%#f \
p m ë a a c ltj o f p a rtia le
^ m v laeo elty o f a ir  
D m o rlfie e  d&eaeter
P la  âlaeaaletiLaee ead ae loac ae the w lo a ltr  le tlo  la  be#earn 
& aad t  the eoaoaatntlon erro r la  leaa than 10 per eaat fo r
%eloea o f P balcar 0 .1 . A larg e  d laaetar fo r the eaepllaa 
tube help a to  keep P m a ll.
I t  la  u aaally  poeaAhla to e a fle a i aauple o rific e  errore  
wfeaa the p artld tee  are au a ll anoagh to eake P leaa than 0 .1 .
Ipparataa
Slaee aoopraaaed a ir  ia  a omaaom aowroe o f energy la  aoal 
ulnae, workina preaawe being about 60 Ih ./lm * ., the aaetlom 
one piednæé by am a ir  e jee to r (lliO ) o f o rific e  d a a e te r 2.1 am.
Qoeneetlona «ere o f heaaplpe and a radaeing %el«e batveeo the 
CMgpraaeed a ir  aup^ y and the e jecto r o an tie llad  the fle e  ra te .
Tha da at cloud «aa #mem thiough a 1 .1  In . diameter o rlfie e  
f i l t e r ,  clean a ir  oeaaing on to  a flo e  meter o f the dry h elleea  
type ( l l j l }  capable c f reoordlna a flo e  rate o f aa JOG f t? /t r .
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Ike  sm m g ew it o f the mppmrmtua 1# ahcen in  f ig . W). 
t r la le
Flgnree dicm  In  Tkhle 6# giv# the ouotion obteinee a t 
d iffe re n t a ir  premaeree# Tha oopreaponding le tea  o f a ir  flo e  
through the f i l t e r  are eiao glean.
Then eenpllng la o k ln e tle a lly  a t a ra te  o f 0 .7  f t ) /n ln . 
w ith  the above epparatne, a t the aoal fboe. In  a duet dloed o f 
approal n ate ly  290 p a rtld e e  per oeblo o an tlaatre, only SO ng. 
o f daet erne obtained fo r am 8 hoar ram. Thla ahoeed th at 
liD kim etio  am pllng would mot give the weight o f daet required 
in  a raaeonable tim e. %t wee obvieua^therefore, th at the only 
meane by ablch a la rg er eaaple ooald be oonvanlently oollaeted  
would be to  inereaae the aampllng ante. To aohleve th le  
w hile m aintaining leeh lnetlo  emmjllng an Inereaeed diemeter o f 
aaaplimg e rlfio e  wee obvioudLy required.
I t  wae daeldei to  Inveetleate the am pllaa aarazeay o f 
o rlfie e e  o f varying diam eter, uaing a thermal p re e ip lta te r to  
evaluate the daet Aeude. 
ipperatme
The ddet chamber daaerifaed in  Section )  wae need in  th ia  wo## 
A roughly ocmatamt duet cloud wae obtained by drawing the daet up 
frem a o y lln d rlea l glmaa veeeel and In jec tin g  I t  Into  the top 
o f the chamber by meane o f am In je c to r. Thia daet in jected  a t
o o oo
w a #  aoB
Gompre###d kir
»./iwS
aootiM i##eWaW 0#M#
- - T
FImi Rate
nS/mim.
s 1.6 __________  _ 0.3*
0 2.6 0.50 '
10 b.0 0,1k
u 5.6 0,9X
Ik 0.5 X.36
10 U.8 ? .f f ____
«5 t3 .) 3 .0
K 30.0 b.80
ho ________________ M,o _ 7 .0
50 56.3 9 .2
60 ..... ..... .f k f  ... _ , U.h
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%h# tap wmm met, e fte r fm ilieg  a fee fe e t, by aa a p ra ri 
airetream  Impart#eg a melA ta  tha daat oXouë amë e ia trlb a tln f 
i t  eraaly throaphoat tha ahaahar. Tim auatioa leg  a f the 
im jeotor Appeë la to  tha o y liaério a l glmaa laaael flo a tia g  
ia  m ater. Thle v#eael wae dLcaAy an# oamataatly m lee# 
hy a mater talamoe. Ae tha #met eema w ith ia  g ia . o f the  
fo o t o f the eaetioa t#he i t  mag piokm# ap hy the m vifliag  
a ir  gmergiag from a "eia" eat brag# g p ira l m ith a "tmalae* 
oat gp lre l aliope# omer i t  aa# oarrie# in to  the ia ja e to r.
the holee mere oat la  the top o f the ohaaher, oaa o iro a la r, 
to aeoomo#ata the month o f tha ia ja e to r, the other reotaagolar.
The raotaagelar epealng mae f lt te #  w ith  a moimhle ooaer m ith  
three helee. Ibo o f tha holee earrie# the laa#a to the th aimai 
p re e ip lta te r hen# whieh wee hel# ia  p eaitloa by a m ire throagh 
the th lr#  hole. A aooroe o f lU aainm tloa wae f lt te #  iaa l#e  
the #aat chamber ta  a i#  wiaoal eatim ation o f the #oet ooaoaatimtioa. 
Oeae chape# aaapllag o rlfie e a  o f 1 ia .^  f  ia a ., 3 ia a ., h laa .^  
i iae .^  6 la s ., T ia a ., 6 ia a ., 9 ia a ., aa# 10 ia a . were am#e 
Area 20 % .#.0. braae eheet. Theae o riflo e e  ooel# be f lt te #  iaa i#e  
tha #aat ohaaher ae ehoacc ia  F ig . h i. A m o#ifie# eppaimtae wee 
aag>loye# ia  th ia  aeotloa o f the worb, F ig .b2. th ia  eoneiete# o f 
ma a ir tig h t ey llaéar o f 16 a.a.0. oopper tabe, w ith  a knee aOmptor te  
mhiah wee attache# the a ir  e jeeto r and ailem eer. A t the fo o t maa a
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nrivÉ l p ia  and braM  «apport olmt# which enabled the eanpler te  
be raleed or lowered keeping Ite  nouth In  a horieontal poeitloa  
facing the ve n tila tio n  etreem. The filte r#  a Soxhlet 
thimble# alipped oeer a bxaæ adapter and wae held by a 
retain ing  d ip . the adaptor# w ith  f i lt e r  attached# wae then 
eerawed into  the cylin d er. The ih le t eone wae attached by 
neane o f a oonpling.
Experimental
The tr ia le  were earried  out w ith  a oenetant duet cloud c f 
ea f#000 p a rtie lc e  per oabie ecntim etre and a t a oenetant 
eempling ra te  o f 2.S f t ) /  min. Thblc 6 f ehowe the m ria tio n  
in  duet cencentxation e ia r 8 houre run.
k steh let thimble wae Aried a t 10k ^  . te oenetant w eight.
I t  wae then attached to the apparatue and e m jd liy  oonaeticed.
sampling wae continued fo r 8 houre# aiecmal [P recip itator 
aemplee being taken a t h alf-ho ud y in te m a le . A t the end o f the 
8 heure the thim ble wae renewed and dried to oonatant w eight.
Thie p rocédure  wae repeated u n til 8 hour rune had been made w ith  
each eine o f eempling o rifie e #  prejeeting 7.S in . in to  the 
duet diamber. ^n order te  prépaie a d id #  o f the co llected  
duet euitable fo r microeeopic esemiaation the glaee tube dhcwn 
in  P ig . Ill wae weed. The thermal p rec ip ita to r head fitte d  
in to  the top o f the tube. To obtain a eemple a maell amount
THU* « t
T Im
hva. Duet Conaenteetioe p#p«e#o#
i StiOO
1 nso
11 1600
1 2130
:& aso
) 1750
3 i 1940
L m o
h i a n
g 1900
_______.....  s*  ... 1360
6 1600
6k 1060
7 1670
7k MSO
j______  8 B IO
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o f duet wee pleoed Im the mmrwe 1 1 #  and tim e  wp la te  the
tube to foem a duet oloud which wee then em pled.
SfflSSl
The we&dht o f du# oolleated la  eaoh eaee and #&e aweeage 
euetlea ower the eeapliag area le  dicen la  Ihh le 70. A 
eawlwon weight wae ohifccLined when the i In e . d im eter epenieg 
wae weed, the hietogian o f the p a rtid le  eiee d ie trlh n tio n  
e f the duet elowd end duet eoUeoted# F ig . U # "hone the 
tendenojr o f d ie heawier p artie le e  te  ehoot on pa e t the eanplfng 
e r ifie e  a t em pling w dloeitiee greater tfam leohinetAe# 
ee p eo ia ll/ w ith  the en eller einae e f o r ifie e .
The fh ilw re  e f the la rg e r dlaneter o rifie e e  i .e .  in n . 
te  e e lle e t heawier eenplee appeara te he due te the lower 
eeetian per u n it area. If#  hone war# a higher ra te  e f euetion 
eedid be naimtained a la rg er weight o f duet ahowld be obtained 
w ith  a 10 in e . dlaneter o rifie e  giwing gr ea ter eenpllng aeenrapy.
Omneidering again the fhetere affeoting  empling^Thhle 71 
•howa hgm the 10 in e . dlaneter o rifie e  beet e a tie fie a  the 
eondltioae fo r aoeevwte eenpllng under the working preaenre 
o f do lb ./in $  (eH y lin g  ra te  U .b  f t ) /e in .)  fo r 0 .2  nieion  
and 3 nieron p artiP lea .
Ondargiewad tr ia le  w ith  the abewe appaiatae gawe the reeu lte  
ahown in  Thble 72. I t  earn be eeen fron th ie  tab le th at 136 houre
TüMeJO)
Dis. # f ampliQg 
O rifio s
( im .)
M m  Over Vhloh 
•notion i#  aprend
1 .!
«
9wo%l»m
mm/iai
Oo11m %*4
m»
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S 19.6b b.9b b.i%69
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o f oontLniMMB ommpllmg wcold t#  roqulrod in  ov4mt %o ODli##%
SffA. o f dttot, #v#mg# p jirtlà lo  #im# 1 •  $ ■Sorom f*om m 
oloud o f boo « $00 portio loo por oohio oontiaotro.
The wulght o f #:#% ruimtmod in  %h# pop## o f the th ieb l##  
did not emoeed lOOkopk Im emeh ipfeepeeile# o f %he dm etien o f 
the tp ie le#
Oompmrieon W iih Wedhlei Dtaot 9i#plop
ffino# th# deelgn end naimfkoUur# o f th ie  porM bl# mmplep 
the tadkilet dost onpleF he# bee# prodnoed eo— ro lo lly  by 
heoere. Oeeéll# (111) twom m deeipi by Wgh% (lb t)«  X%
#m# thought d ie lreb l#  to ooapev# it#  petfopa no# w ith ttaet o f th# 
duet ##og>l#p, prwuiottdly d###rib#d« (H - J Sampler).
The Neehlet mmfHw i#  eeeen tid lly  the eeme me th ie  saapler 
but i t  Inoofpoput## m h o rlio n te l e lu trle to r w ith the aim o f 
Q olleotiag only th# reepipubl# fm e tlo a  of th# e irb o ra i duet 
im th# thimbl## Thie o tutrim tor le  d##l#m#d to o o lle s t 
$0 per cent o f pmptioiea o f umit demeity $ mierone im dim##ter 
when th #  ^ lu m etri#  flow re t#  i#  1 0 0  l« /« lm .
IpiMumitmi
Th# duet obembey deeeribed in  peg# wm# weed. k hole wm# 
eat im th# ehember end edepter tee mede. Thee# enmbled th#
mouth o f both eemplere to b# Ineerted ?& in e . ineid# th# chewhe r.
For th ie  ooeperieom both oodl end e ilie e  doet were ueed. 
Thee# duet# were prepered by grinding in  th #  meohemioel eget# 
morter fo r 5 hour#. Slno# th #  ewppling ret# we# oonetent e t
120.
70 l./m lm . me before, the e lu trlm to r ebould theoreiiom U r ooUeot 
80 per oemt o f pm rtielee o f em it demeity $ mierone im diem eter.
Prooedure
The mppmmtae wee fitte d  up, the dm et cloud bloen im mmd 
eempling eemmemeed. aemplimg erne eontimeed Ib r 8 houre, 
daring idiieh period Thermal p ree lp lte to r em plee were tmkem 
hourly. i f t e r  8 heure the thimhle wee rmeeued, dried end 
the reeeimrmble duet weighed. Both ocel mmd eiliem  duet 
were em^pled in  the emme wmy. The Thegmel B reelpitm tor A idee  
were ememined end the duet domd oonoemtfmtlome euelomted. 
Pm rtiele eiee mnmlyehe were em rried out on the elidee preomred 
frem the oolleoted duet. The eemple tmkwn e t the fourth  hour 
wee ueed te meeeure the eiee d ie trib u tio n  o f the duet deed .
Reeu lte
The weighte e f d ie t obtained eeer 8 houre w ith  m duet
eomeentrm tien e f gm 2200 pm rtiolee per ombio eentlm etre ere 
ehcem im Tbble 78 bdow.
Thble n  
N ig h t e f Duet C elleeted gm.
Siliem  omet Goal Qaat
mw meewler 2.b682 3.3756
Rexhlet
ThUM e
n u tr le te r
T o td
0.2d$22 . W 1.3175l.jW tf
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The p a rtid e  elme dlmtributiom# mim mhowm Im h le to fra i 
fo ra Im Flge# U i mmd b$ fo r coml mmd ellimm dmmt#.
Condue&emm
Thblm 73 ihdvm %hmt dim wmlght o f dmmi im th * thim hl# o f 
dio B -  d m m llM ter im mmoh Imrmmr than that im th# Nmmhlmt th idhl#, 
loduding the «might o f domt im the dm trim to r, hcmmra r, tho tmtml 
«might# oellmotod #h*mr rary  l i t t l e  differanm e.
CoanmriooB o f the hietograew d&owe th a t both memplere gl«e 
m meed meeimge mmmple e f the mirhorae dmmt. aim# dietrihutiom g  
o f the d#et eelleoted fra e  both Memhlet thimhle mmd d m trim to r. 
Fige. hS mmd L6, ehee eery l i t t l e  differem ee. The horimomtml 
elu trim ter om the Heshlet deem mot mppwp to he eery e ffe o tlee  
me im emoh emee pm rtidlee ;>$ niorame mnpeer im the thimhle 
frmetiom.
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Oomdlu#l##e
The a r in  type o f eprejr momele «ee thorougKIy Imveetlgeted 
mmd # Method develeped fo r eempllim I t .  I t  wee found to glue 
e eprey w ith reprodeeible eiee die trib u  tiom end euerege 
droplet e iee.
I t  wee poeeible to oonneet the eprmy m rieb lee by mm 
empirieml fornulm by ebloh the mverege droplet mime mmy be 
oredieted mt eey preeeure prouided Wo relem m t poimte «ere 
deternimed emperimemtelly. A relm tionehip «me mlee obtmimed
betoeem the energy applied to the eprmy mmd the energy motnmlly 
need im the mtoMieetien proeeee.
In  gemerel, mtomiemtiom «me found to  inoremee «1th  
ineremee in  eprey preeeure mmd come angle end deoremee « ith  
inoremee in  o rifie e  dlmeater end w ith  dietmnee fro# the momele.
An effie ien o y o f mtoniemtiom «me deteredned mmd the 
unluee obtmimed «ere mmeh loner them expected, Imdleeting 
th at m h gh proportion o f the energy iegxerted to the eprey «me 
met u tllie o d  im the mtomlemticn p*«oeee.
The mtoniemtlon mehieved ueing aolut&one o f Imt eurfmoe
ten mi on nee to th at obtmimed ueing «n ter. Only mt
rIcnr preeeeree, 30 lb ./lm ., «me mmy iepxuuenent gmimed. Qbe 
te the nmture o f the flu id e  Menloyed, mnother method o f 
droplet eempling «me ueed, mm impreeelone method, mmd gmue 
ooapmrmble reeu lte  to the method eepleyed in  eempling pure
im eralon  , .4;
\ The energy r e # W #  to  : e f  fe a t  ..#q#3;:almt' 
thon# o f Im  %en,#oe ap;pDAMd W F W .y ic # '- ;.:
/  b # ' H c#rrmep0#tll% ! % * % % # .' ' '
#####<$*"':- ' ^ %1# #m üé iW im te  thn%’-# # '- W ,W ' 
Aÿ: ' t mr àQA' ' ^ û £ ^ é ' i M ;’' ' ; / " .
im $ 'mt ._#é 'in u t^ h t ',6f - f om%t l <)h'.ht>t;/
: ' \ r a ®  c% % #'ù fym xyfaq#w q#^^ .e c W m tm tté h '- -
'„;':/àffo6t%' t f o ,  a t t r a c t  "4f thé  :#0li%,W.oA,''# a m e ' I n .'-'.-
-: ' êWl Wt i f / U only #% %Km'. , .
e ffe c t-
,':f ; : # m y ^ ^ i à
; (# j ' è f #|}Wÿlr$''%#e:i%mWe#é f  p-'-J
. (ç ) --the rmX ït lw  veloci ty  'o f ^ tl?0 ' .im® 'increeeei;, '
I t , Appeaw /
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Ibop e t eiee eppeere eleo to be th e meim coetrb lling  fee to r 
im the euppreeeioe peooeee, the e ffe c t o f relm tie# veloeity  
being Midi leee them expected.
The degree o f eeppreaeion obtmimed erne e lig h tly  b e tte r 
in  the cmee of oeml end eiliom  deetc. Htoreeeopio ememimetiom 
ehoeed Ihmt the eeml mmd eiliem  duet pm rtiolee were very 
irregelm r w hile the f ly  meh pm rtidee were mlmoet eoberioel.
I t  »oeld sppeer therefore thmt i t  ie  emeler te  «%moohdewn» 
irregulm rly ehmped nm rtialeM
I t  hme m ln beem ehowm thmt ndnee e f the W ffeotleem eee* 
o f remoeml obtmimed mgree w e ll w ith  thoee dedueed fvem the 
theoretiom l etmdiee o f other «oibere.
Wo et o f the eéletlene o f low earfWee temeiom bed v irte m lly  
the eeme e ffe e t me wmter em the dowt dloude* The exeeptiome 
were emleium chloride edutiem^whloh proved mneh leee 
effeetiw e mmd ereloWexmme which wee e lig h tly  b e tte r then wmter 
w ith  emoh duet.
A t low p reeeve, 30 Ib . / i i^ ,  mere duetwme removed them 
mt 60 Ib ./im lim d laB tiw i pevhmpe the mdvemtmge o f ueing Imrge 
d e p le te .
oggeWememe wme m much b ette r dim m rei^ mgmt them wmter 
w ith the deete «ployed bat the ippeovememt gmimed im uaimg
th ie  llg e id  wme im mo meeeure dee to the eo lW kility o f the
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duet# im i t *
Th# #im# dimtrihmtlem o f thm dmmt elomde mltmrmd veyy 
d lo v lj w ith  tin #  mftmr th# f ir s t  TO mimmtmm, only th# Imrgmr 
perticlmm iwing mffmotod to mmy grwmt emt#mt. Daring th is  
im itlm l pmriod m nomtmr o f mggrmgmto# fonmod mmd mmttlmd out 
rvp id ly , the deet dleod them heoeming fh ir iy  etmhle.
Im the meet few hove emme m ggregmtiem o f We mmmller pm rtiolee 
oeeurred mmd the dloede m ettled wmder  grm eity. Deoremee 
im the number o f pm rtielee in  emepemoiom im the eheWber wme 
therefere doe to two fhetere :
(# ) mggrmgmtiem o f the eamll pm rtiolee to fbtm Imrge 
mggregmtee
(e ) eedlmemtmtiom o f the Imrge mggregmtee Ihom eegpemwiom, 
N te r  epeeye reewlted im ioereeeed rmeovhl o f deet, 
eepeeim lly the Imrger pm rtiolee, > 1  edoroe, more e f the  
le rg e r pm rtielee were removed the higher We eprey preem re.
I t  wwmld mgeim mppeer thmt mm opt le w  droplet eiee > f 6 eierome 
emieted fo r the olemde «peeyed.
The e ffe e t of epreyimg wme to  remove most o f the Im rger 
dm et,>S mioiwme, which dlWomgh leerin g  moot o f the Neiwfhl 
deet in  eueoemelom, redmoed the to te l oomtmmimmtiom o f the 
m ten sphere, Wme leeeemimg the hemlth hmierd*
No mdvmmtmge ever wmter wme gpimed hy meing eolmtiome o f
low flurfaww Wnwion, the moat dmngwroue fM o ilo n  o f the duet
7reMlmlQc in  wwBpenwiom. Thlw «m# e l wo true mt 30 lh ./im . 
wberm eurfmoe teneion wme found to here m gfemter e ffe c t on 
droplet eiee*
cyoloHeimne mppemred to remove eome o f the dmngeroue eiee 
fm otion  but i t  would be inprmotiomble to uee th ie liq u id  
underground me i t  might be in jurioue to hemlth end would give 
mn Inflnwemble nlmtmre.
An eirborne duet eeapler hme been developed whldi ie  
ompmble o f oolleoting m repreeentmtlve eemple o f the duet 
in  euepeneion. the weight o f duet celleeted  in  m veeeoneble 
time ie  e u ffio ie n t fo r gm vim etrlo okemieel mnmlyeie to be 
emrried out.
I t  hme been ehxmn to oompmre fhveurahly w ith mnother 
bulk emnpler now being prodmoed oonerelm lly.
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^ mwÊm  mm# WWmd#m mmminym# im «mârn # w * hmm 
w M m i m gm% #mm& # f Imffpwmiltmm %m W om % km
«kmmm#%mmi  ###m # f %&# mrtjri %y#m # f m##my mmmmlm mm# tm# 
m##mm####m # f mimWmmm omml ###%, lilimm ###% mm# fljr  mmk 
• f  mmmn ipmrUdbm mlmm# 1% moml# mppmmr firmm IMm mm*# mm# 
Ikmm %m# llteeetmpe rmm# ttm t momm ImttNMlImm ftm M#üpm# 
mm fÊm fWkmmm%mlm e f tkm mpmrnmmrnmm pnNimmma
1% Ébmml# km kommm im «im# wkmm iwmrtÉmrlmt %km mm##mmmmimm 
rmmmHm ÜMit % km mpmrnj v U l km «mm# mfilmimm# im Hm #km% 
kkmriMv Hplm/m# ikmm mm#mm mm##mmmy «emkimm mmm#lkioma» tkm 
f#m m  fk r üdm im #km mmmllmm# #»m# mm# kaarkolmmo# im tkm 
«kmmkmv^  m##w& i mmrmmmmm «km ItM L iks##  mf mmmimmt k#%mmmm 
rnmplmt mm# pmmtà^ m## iftmm tkm im itim l mpmmjpUic p rim # m 
m m t i^ f  k&Wk k« m i# itj «mimtm im tkm mkmmkmr wkimfc mlm# 
ommtrikmtmm «m Smp mm mm# mmpprmmmimm*
km#Mim# tkm pmkkl## # f mmppr mmmimm^  mmmplimmtm# k f «km 
■Hl.««pltml.«r mf pmr t l ml m mm# mmplmt mimmm «mm# im «ki««##m# 
to  tkm mimplm mmtimm mf mmm #rmplmt mtmiklmi mm# m«ppyS%
#0«m mmm pmrtUlm «m kmmm to mommi#mr mm i##ml opmi mm, 
f ktmmm «mm# tkmmk# «knmikmm km #kmm «rnimm mmm #kmpim% mm# 
mmmmmmim# itm  mf f kmt# %t «mm&# km mmv# pm#m#kmk&m «m m«m#|p 
tkm mffkmt mf m «pmmy mf «mifmmm mppimt mimm mm éim t mlmm#
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o f ooM tottt pm rtielo mi##, â mpmmy o f mlaomt mmifbm 
mimm moold km mktmiam# hf «mimg m bmttmmj o f Sypmfmmkm 
MoAmm (lh 3 )e  Vov# o f Aim  mmWm# Éhomld mmmhOLm %km momt 
•ffm ottfm  droplmt mimm to bm mommmtkly dmtmmmimm#.
tmry « n il dko^mt# im Am f«nm o f m mimt mmy immrmmm#
Am pmmanNmmm o f dmmt olomdm. BAov m mritimml mimm 
tpimyiam mmy Amrmfoi# kdmdmr rmmomrnl mm# tmm# A  mmimtmim 
kigh #mmt memmmmtimtlomm.
Thm rmmmltm kmmm Aimwi Am t m iikonw mamt Aomdm mim 
mffmmt m# ky m#momm mmmym kmt Am t mo mAmmtrnmm ommr «mtmm" 
mmm A  km gmimm# ky mmlmc l lA lA  o r molotlmmm o f 1mm 
muetrnem tmmmima.
Mbmrn liq v iA  mrm Ibrmm# Afomgk m mommlm mt kick prmmmmrm 
Amy pommmmm m ^mmHm wmlmm mf muFftem tmmmimn^  m klA  fo r mmmy 
mf tkmm diffmrm grmmAy from A m ir mqmilikrimm amrfkom Wnmiom 
«mimm. Aédimom mm# K U A t (106) mkomm# Am t tkm «tAmmla mmrfkmm 
tmmaiom mmlmm o f mmrAim mlmoAlm, mt Am mommmt o f immmm 
Ikom m mommlm mmm mkomt triom  Am momml rnqm ilikriwi mmlmm.
Aim  mmy kmmm kmmm tkm emmm w iA  tkm liq m iA  mmm# im tkm 
aopmrimmotm mn# i f  mm mmml# mmmommt fk r  tkm mladlmvity mf 
tkm ir b ikmmtomr A  ymrm mmtmr. A im  momld Amo m iplAn mky 
tkm mtmamcm dimplmt Amm mmlomlmtm# twom mrngf mmmmjdwmAmmm, 
fo r tkm llg m lA  mf lo r  mmmiHltrl## mmrAmm tmmlmm mm# foam#
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%o k# k lfk o r  tkmm M q po tm i.
(kmlohaaomm# vAikm  A # other liqm l##, ah^m# mom# m k illt j 
A  mllmy the A o t#  «or# o ffko A ^A y th#m wAmr. FmrAmr 
A r M tif it io a  fk llo d  A  gim# m m#mo«mkl# #«pA«m%A« o f A A  
pm porty A t  tto  #«#p#r «my It#  A  lA  tpmtlQ mmrAo# toomiom 
ymlum mt A # «o«mmt o f mcmiAot w lA  thm dmmt.
A1 Amugh thm mmm of gyolohmmmm im «tmmm wool# Xm 
Impr motlomkXo Itvm m l# A  mf Imtmromt A  mtm r^ Am bmhmvimmr 
o f o A llm r liqai#m  m4  A  oorrklm A thm lr #ymm«lo mmrfkmm 
tmasAm vmlmmm «1A  thm lr mmpprmmmlom mffimlmmagr. Woa# o f 
thim nrntmrm might mmoply imlbrmmtimm o f Ik mA mmrntml  importmmom.
Thm «mtboé «mploym# A  mmtiaetm thm ésx4i aommmatimtiono 
mm# #A#y Am ohmmgmm im atom ëlmtrlkoAom o f thm elo o ia mmm 
mmmmrmA A t  tAm  oonmmmlmg. 9mmmvml qmioAr amthodm mrm 
mmllmblm A t  «oA * mmmk mm thm oomim «mtho# (lU i) a n  mm ymt 
tmm ImmmmmnA fo r A im  typ# o f mmrh. Optiokl «mthofm 
A  mm# o« thm «mmmmrnmmt o f mom t t  mrm# lig h t mrm hommnr vary 
prorlmAg ((Il22>« DiffimolAmm A  moomr w iA  tAm  «mtho# 
mm tA  m n m iA iity  ohmmgmm n p i# ly  w iA  p a rti him ml am im 
tA  ia p e rA A  immgm kmA amm 1 a## S «Senam* Am Avmlapmamt 
mf wmtik a am tA# A  hlahmr acomzmoy woml# prowa a kaom A  
worArm im A la  f ia i# .
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